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Green Revolution for  Qualitative Traits in Plants: Biofortification of  Nutrients 

                                          Rajni Shukla, Rashmi Upadhyay and Yogesh Kumar Sharma 

                                     Department of Botany, University of Lucknow, Lucknow (226 007) 

   The Agricultural Revolution was a period of technological improvement and increased crop productivity that 

occurred during the 18th and early 19th centuries in Europe. The need of food is based on nutrient requirement. 

More than 12% of soils are deficient in available iron. Zinc deficiency also occurs in crops and human on a world 

scale and is now regarded as next to iron. Iron deficiency is growing a health concern in the developing world, and 

responsible for diverse of health complications including anemia and impairments in immune system. Zinc is an 

essential micronutrient for plant and human, and over 40% of children in the world are suffering from Zn 

malnutrition. Iron and Zinc deficiency in human is mainly caused from low Fe or Zn concentration and their 

bioavailability in foods or edible parts of crop plants. Cereal grains are the most important dietary source of 

micronutrients in many developing countries. Micronutrient concentrations and bioavailability in cereal grain is 

generally low. Biofortifi cation appears to be a most sustainable and cost-effective approach to solve human 

micronutrient malnutrition.  

                The genetic capacity of the newly developed (biofortified) cultivars to absorb sufficient amount of Fe and 

Zn from soil and to accumulate it in the grain may not be expressed to the full extent. It is, therefore, essential to 

have a short term approach to improve Fe and Zn concentration in cereal grains. Application of FeSO4 as foliar 

spray, Zn fertilizers or Zn-enriched NPK fertilizers (e.g., agronomic biofortification) offer a rapid solution to the 

problem, and represents useful complementary approach to on-going breeding programs. There is increasing 

evidence showing that foliar or combined soil+foliar application of Fe and Zn fertilizers under field conditions are 

highly effective and very practical way to maximize uptake and accumulation of Fe and Zn in whole cereal grains, 

raising concentration up to 20mg kg-1 Fe and 60 mg kgī1 Zn. Increasing the micronutrient concentration of cereal 

grains has been identified as a way of addressing human micronutrient deficiencies. 

Revolution 

 The Agricultural Revolution was a period of technological improvement and increased crop productivity 

that occurred during the 18th and early 19th centuries in Europe. In this lesson, learn the timeline, causes, effects 

and major inventions that spurred this shift in production. 

There have been  so many revolutions in the system time to time as per the need of human kind- 

 *  Black Revolution - Petroleum Production : 1970 

*  Blue Revolution - Fish Production : 1960 Father of Blue revolution Prof. Hiralal Chaudhuri. 

*  Brown Revolution - Leather/non-conventional/Cocoa production 

*  Golden Fiber Revolution - Jute Production 

*  Golden Revolution - Fruits /Overall Horticulture development/Honey Production 
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*  Green Revolution - Food grains : Father of Green Revolution M.S. Swaminathan. 

*  Grey Revolution - Fertilizer  : 1964 

*  Pink Revolution - Onion production/Pharmaceutical/Prawn production 

*  Red Revolution - Meat & Tomato Production 

*  Round Revolution ï Potato 

*  Silver Fiber Revolution ï Cotton Production 

*  Silver Revolution - Egg/Poultry Production 

*  White Revolution (In India: Operation Flood) - Milk/Dairy  production : 1970 Father of White revolution Dr.  

Verghese Kurien 

*  Yellow Revolution - Oil Seeds production : Father of Yellow Revolution Sam Pit Roda 

  Orange Revolution:  

       After 20 years of persistent research, city-based National Research Centre for Citrus (NRCC) has sown the 

seeds of a new orange revolution in near future. The Centre has succeeded in increasing the productivity and 

tolerance to diseases of Nagpur orange or mandarin and acid lime manifold by simply replacing the conventionally 

used root stock of Rangpur lime and rough lemon with an exotic root stock from USA called as Alemow (Citrus 

macrophylla) during budding/grafting. 

        The process of bringing this change and actual scientific trials took over 18-20 years. "Alemow is being used 

worldwide as a root stock for improving productivity of fruits, especially citrus family. Our Centre began work in 

this direction as an in-house research way back in 1992. The root stock has much superior horticultural 

characteristics like smaller canopy, higher productivity and better disease tolerance compared to the domestic root 

stocks," said the NRCC director V J Shivankar. 

           The productivity of orange has increased from just 9-10 tonnes/ha to 21 tonnes/ha in orange and from five 

tonnes/ha to 13 tonnes/ha in acid lime. Both orange and acid lime developed using Alemow root stock also have 

increased tolerance towards main citrus diseases, especially soil borne diseases like phytophthora fungus, the biggest 

threat to orange. Right now, the success of technology is also being tested at national level through an All India 

Coordinated Research Project (AIRCP) on orange by the Indian Council of Agricultural Research (ICAR) in all the 

citrus growing belts of the country. 

 Principal scientists in horticulture and the project leader of the research R K Sonkar, who was recently 

honoured with Vidarbha Bhushan award for leading the work, told TOI that the centre was also planning to try the 

technology on other orange varieties like the Kinno, Khasi and Kurg mandarins if these national level trials yielded 

good results. "The technology is not new. World over, Alemow is being used as root stock for many citrus crops. It 

is being tried in India for the first time. We started experimenting with 12 different root stocks but Alemow turned 

out to be the best," said Sonkar. 

      To develop planting material for orange, nurseries use Rangpur lime and rough lemon as root stocks on 

which the buds of Nagpur orange are put. Both these root stocks have much less yield and are susceptible to 

diseases. A good root stock provides the grower a useful tool to manipulate the vigour and performance of the 

orchard. Though even Alemow is not completely resistant to phytophthora, the fungus attack is delayed by many 
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years and is comparatively milder. Also, since the canopy size is reduced with Alemow use, sunlight penetrates the 

lowest part of the tree and increases fruit bearing ability. This makes the new trees more suitable for 'high density 

plantation' the technique being promoted for all horticultural crops now. Instead of conventional 6mX6m distance 

these can be planted at a distance of 6mX4m. Sonkar explained that acid lime was generally grown through seedling 

but in this technology, budding is used. The production through seedling is just 5 tonnes/ha whereas budding on 

Alemow root stock increased this yield to 13 tonnes/ha due to vigorous growth that occurs. Some farmers who 

regularly visit NRCC on their own decided to take up cultivation using Alemow root stock. Bandu Wasankar from 

Paratwada has tried it successfully.  Mohan Tambi has gone step ahead and imported the root stock from USA for 

his nursery and is developing planting material from them. Some farmers in Solapur too are trying it. Centre in the 

long run will try to work on drought tolerance capacity too. 

Red Revolution:      

       The hill state of Uttarakhand is silently scripting a 'red revolution' of sorts on the Himalayan reaches. Growing a 

lesser known red cereal crop, amaranth, is opening up new vistas for the farmers settled in the upper areas where 

staple plantations of wheat and paddy are not possible because of extreme climate conditions and mountainous 

topography.  Amaranth is a traditional fibre-rich plant used in baby food products, breads, etc. for its high protein 

content and other nutritional values. In the past two years, international demand for amaranth has risen to the extent 

that the farmers in the state are unable to meet the supply orders. "Demand for amaranth is largely from the overseas 

markets of South Africa and the Netherlands. The cereal is grown only in this state. Even as the area under amaranth 

cultivation has increased over the years, the demand and supply is a mismatch, perhaps to the advantage of the 

farmers," said Binita Shah, senior programme manager, Uttarakhand Organic Commodity Board (UOCB). Shah said 

the state, which acts as a facilitator, has an estimated standing demand of over 1,000 tonnes from overseas buyers, 

against an estimated production of close to 600 tonnes expected this year. 

           "A few years ago, our visit to higher areas in the state brought to the fore a sordid tale. Farmers used to barter 

amaranth for 2 kg of wheat, salt and a little more. Today, their income has increased manifold," she said. To 

augment the demand, both in terms of export orders and domestic supplies, the government is laying more emphasis 

on plantation of organic amaranth to empower farmers, said Chief Minister Ramesh Pokhriyal "Nishank". 

            From insignificant gains till some years ago, farmers this year got a handsome Rs 3,500 per quintal of 

amaranth, up nearly 30 per cent since last year. Close to 5,000 hectares of area in upper areas of Garhwal, 

Uttarakashi, Chamoli, Rudraprag is under amaranth production and just about 500 hectares under certified organic 

produce in Uttarakhand. 

         An increase in food production, especially in underdeveloped and developing nations, through the introduction 

of high-yield crop varieties and application of modern agricultural techniques. The introduction of high-yielding 

varieties of seeds and the increased use of chemical fertilizers and irrigation are known collectively as the Green 

Revolution, which provided the increase in production needed to make India self-sufficient in food grains, thus 

improving agriculture in India. High-yielding wheat was first introduced to India in 1968 by American agronomist 

Norman Borlaug. Borlaug has been hailed as the Father of the Green Revolution but M.S. Swaminathan is known as 

the "Father of the Green Revolution in India". The methods adopted included the use of high yielding varieties 
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(HYV) of seeds. The production of wheat has produced the best results in fueling self-sufficiency of India. Along 

with high yielding seeds and irrigation facilities, the enthusiasm of farmers mobilized the idea of agricultural 

revolution and is also credited to M. S. Swaminathan and his team had contributed towards the success of green 

revolution. Due to the rise in use of chemical pesticides and fertilizers there were many negative effects on the soil 

and the land such as 

land degradation.  

Blue Revolution  

 Blue Revolution means the adoption of a package programme to increase the production of fish and marine 

products. The Blue Revolution in India was started in 1970 during the Five-Year Plan when the Central Government 

sponsored the Fish Farmers Development Agency (FFDA). Subsequently, the Brakish Water Fish Farms 

Development Agency were set up to develop aquaculture. The Blue Revolution has brought improvement in 

aquaculture by adopting new techniques of fish breeding, fish rearing, fish marketing, and fish export. Under the 

Blue Revolution programme, there had been a tremendous increase in the production of shrimp. Andhra Pradesh and 

Tamil Nadu have developed shrimp in a big way. The Nellore District of Andhra Pradesh is known as the 'Shrimp 

Capital of India'. 

Pink Revolution 

            Pink Revolution is a term used to denote the technological revolutions in the meat and poultry processing 

sector. India has already seen the ógreenô and ówhiteô revolutions in its food industry ï related to agriculture and 

milk respectively, now thrust is upon meat and poultry sector. India being a country of huge cattle and poultry 

population, has high potential for growth if this sector is modernized. 

Green Revolution: 

 The Green Revolution refers to a series of research and development and technology transfer initiatives, 

occurring between the 1930s and the late 1960s (with prequels in the work of the agrarian genetist Nazareno 

Strampelli in the 1920s and 1930s), that increased agricultural production worldwide, particularly in the developing 

world, beginning most markedly in the late 1960s. The initiatives, led by Norman Borlaug, the "Father of the Green 

Revolution," who won the Nobel Peace Prize in 1970, credited with saving over a billion people from starvation, 

involved the development of high-yielding varieties of cereal grains, expansion of irrigation infrastructure, 

modernization of management techniques, distribution of hybridized seeds, synthetic fertilizers, and pesticides to 

farmers. 

                The term "Green Revolution" was first used in 1968 by former United States Agency for International 

Development(USAID) directorWilliam Gaud, who noted the spread of the new technologies: "These and other 

developments in the field of agriculture contain the makings of a new revolution. It is not a violent Red 

Revolution like that of the Soviets, nor is it a White Revolution like that of the Shah of Iran. I call it the Green 

Revolution."                  

Effect of Green Revolution on Crop Production: 

  Cereal production more than doubled in developing nations between the years 1961ï1985. Yields of rice, 

maize, and wheat increased steadily during that period. The production increases can be attributed roughly equally 

https://en.wikipedia.org/wiki/Technology_transfer
https://en.wikipedia.org/wiki/Norman_Borlaug
https://en.wikipedia.org/wiki/Nobel_Peace_Prize
https://en.wikipedia.org/wiki/Fertilizer
https://en.wikipedia.org/wiki/Pesticide
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to irrigation, fertilizer, and seed development, at least in the case of Asian rice. While agricultural output increased 

as a result of the Green Revolution, the energy input to produce a crop has increased faster, so that the ratio of crops 

produced to energy input has decreased over time. Green Revolution techniques also heavily rely on 

chemical fertilizers, pesticides and herbicides and rely on machines, which as of 2014 rely on or are derived 

from crude oil, making agriculture increasingly reliant on crude oil extraction. Proponents of the Peak Oil theory 

fear that a future decline in oil and gas production would lead to a decline in food production or even a Malthusian 

catastrophe . 

Technologies used in Green Revolution: 

 Technology is the application of organized and scientific knowledge to solve practical problems. In 

agriculture, the success of a technology can be measured only when it gets transferred for increased crop production. 

The following technologies have helped in increasing crop production in the World: 

1. Dwarfing gene 

2. Hybrid Technology 

3. Biotechnology particularly cry genes in cotton 

4. Seed Technologies: Seed Vigor, seed coating 

     5. Agronomic Technologies: Row-Plant Spacing  minimum tillage etc 

Introduction:  

 The diets of over two-thirds of the worldôs population lack one or more essential mineral elements. This 

can be remedied through dietary diversification,mineral supplementation, food fortification, or increasing the 

concentrations or bioavailability of mineral elements in produce (biofortification). Humans require at least 22 

mineral elements for their wellbeing(Welch & Graham, 2004; White & Broadley, 2005a; Graham et al., 2007). 

These can be supplied by an appropriate diet. However, it is estimated that over 60% of the worldôs 6 billion people 

are iron (Fe) deficient, over 30% are zinc (Zn) deficient, 30% are iodine (I) deficient and c. 15% are selenium (Se) 

deficient (see Supporting Information References S1). In addition, calcium (Ca), magnesium (Mg) and copper (Cu) 

deficiencies are common in many developed and developing countries (Frossard et al., 2000; Welch & Graham, 

2002,2005; Rude & Gruber, 2004; Grusak & Cakmak, 2005;Thacher et al., 2006). Currently, mineral malnutrition is 

considered to be among the most serious global challenges to humankind and is avoidable (Copenhagen Consensus 

2004;http://www.copenhagenconsensus.com). Mineral malnutrition can be addressed through dietary diversification, 

mineral supplementation, food fortification and/or increasing mineral concentrations in edible crops 

(biofortification). 

               Because the seeds of many cereals are often consumed after milling or polishing, it is pertinent to consider 

whether genetic variation in the distribution of mineral elements within the seed can be utilized in biofortification 

strategies. Mineral elements are nonhomogenously distributed within the seed and the concentrations of many 

mineral elements are highest in the husk and/or aleurone layers (see References S12). Milling or polishing cereal 

seeds can, therefore, remove large quantities of mineral elements from the diet and the extent of these losses is 

genotype dependent (Gregorio et al., 2000; Vasconcelos et al., 2003; Ma et al., 2004; Lyons et al., 2005; Prom-u-

thai et al., 2007). 

https://en.wikipedia.org/wiki/Pesticide
https://en.wikipedia.org/wiki/Peak_Oil
https://en.wikipedia.org/wiki/Malthusian_catastrophe
https://en.wikipedia.org/wiki/Malthusian_catastrophe
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Improving the crop yield and quality through Biofortification:  

             Regarding the nutritional traits, one of the most promising application of transgenic technology has been the 

development of vitamin A enriched varieties, popularly known as Golden Rice due to the slightly yellow colour 

conferred to the endosperm. First successful product of GM based biofortification  with pro-vitamin A trait.  

Researchers have found that in Japonica Golden Rice, an intake of only 120 g is required for meeting the Vit Aôs 

RDA. (Paine et al, 2005;Tang et al, 2009) Bio fortification of rice with iron and zinc are also being carried out by 

several public and private sector organizations. Increasing the concentration of micronutrient (especially Zn) in food 

crop plants is a growing global challenge, with potentially great implications for both crop production and human 

health. It is believed thatZn deficiency is the most widespread micronutrient deficiency in crop plants and human 

beings (Alloway, 2004; Hotz and Brown, 2004). Zn deficiency in humans causes a wide range of health 

complications, including impairments in the immune system, learning ability and physical growth, and increases in 

mortality and infections (Hotz and Brown, 2004; Cunnigham-Rundles et al., 2005). Zinc deficiency also induces 

DNA damage and increases the risk of cancer occurrence (Ho, 2004). 

          Zinc and Fe deficiencies are a growing public health and socioeconomic issue, particularly in the developing  

world (Welch and Graham 2004). Recent reports indicate that nearly 500,000 children under 5 years of age  die 

annually because of Zn and Fe deficiencies (Black et al.2008). Zinc and Fe deficiencies together with  vitamin A 

deficiency have been identified as the top priority global issue to be addressed to achieve a rapid  and significant 

return for humanity and global stability (www.copenhagenconsensus.com). Low dietary intake of Fe and Zn appears 

to be the major reason for the widespread prevalence of Fe and Zn deficiencies  in human populations. In countries 

with a high incidence of micronutrient deficiencies, cereal-based foods  represent the largest proportion of the daily 

diet (Cakmak 2008). Cereal crops are inherently very low in  grain Zn and Fe concentrations, and growing them on 

potentially Zn- and Fe-deficient soils further reduces  Fe and Zn concentrations in grain (Cakmak et al. 2010). Thus, 

biofortification of cereal crops with Zn and Fe  is a high-priority global issue. HarvestPlus (www.harvestplus.org) is 

the major international consortium to  develop new plant genotypes with high concentrations of micronutrients by 

applying classical and modern  breeding tools (i.e. genetic biofortification). Although plant breeding is the most 

sustainable solution to the  problem, developing new micronutrient-rich plant genotypes is a protracted process and 

its effectiveness can be limited by the low amount of readily available pools of micronutrients in soil solution 

(Cakmak 2008). Application of Zn- and Fe-containing fertilizers (i.e. agronomic biofortification) is a short-term 

solution and  represents a complementary approach to breeding. 

  Cereals (e.g.wheat, rice and maize) with inherently low Zn concentrations in the grain are the most 

important source of calories in the developing world. In the present study, we used a range of wheat genotypes with 

different concentrations of Zn and other micronutrients to determine whether the DTZ method could be useful as a 

rapid screening method for seed Zn concentration. 
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GW-366T1SEED
(Control)

GW-366T2SEED GW-366T3SEED

DL-803(T1)SEED
(Control)

DL-803(T2)SEED
DL-803(T3)SEED

High  Efficient  Variety 

Low Efficient Variety 

Biofortification of Zinc in two different variety of Wheat through soil application (T2)and 
(T3)Foliar  application  

 

 Here we have taken two different variety of wheat where one is High efficient variety name GW-366 mean 

that variety which perform better in sense of yield in case of adverse condition and the second variety is Low 

efficient variety name DL-803 means that variety is not performing better in unfavourable condition. Now the 

biofortification of zinc is provided in two ways the first one is through soil application (T1) and second is soil + 

Foliar application (T3). Here through analytical study biofortification of  zinc is occurs more in foliar 

application.variety GW-366 is much better  highly fortified  in comparision to the variety DL-803.  The localization 

and accumulation of zinc is found in foliar application of  mature seed of GW-366 variety. 
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Shoving Towards a New Green Revolution 

Vijai Malik  

Department of Botany, M. S. College, Saharanpur 

Abstract 

India is an agricultural country due to its strategic geographical, climatic and topographical location on the 

world map. Even with industrial revolution, the importance of agriculture has not reduced. Agricultural self-

sustenance has brought India pride during the first green revolution, as the country had sustained several famines 

from British ruled period till just after independence. The seat of first green revolution was north- west India mainly, 

with wheat being the focal staple crop. Second Green Revolution in fact should be focused to practice sustainable 

agriculture at regional level and crop wise. It must aim at raising the productivity of other important food crops 

such as Sorghum, Millets and Cassava- food produced and consumed mainly by the worldôs poor. The present 

article includes aim, calls, and some of the approaches that may push India towards Second Green Revolution. 

Key Words: Second Green Revolution, Food Security, Nanotechnology 

Introduction:  

Research in applied Botany is playing and will play important role in self sufficiency towards food production. 

Advance research in Genetics, Cytogenetics, Plant Breeding, Molecular biology, Biotechnology etc. are helping a lot 

of in this direction. Not only Yoga and use of medicinal plants are helping in building good character and health of 

human beings but also recent advances in Molecular Biology, Molecular Cytogenetics and Pant Biotechnology are 

further enhancing food production and human health.  We have seen a revolution in the past concerning with food 

production, i.e. Green Revolution. Due to shrinkage of agricultural land by industrialization, urbanization and many 

fold increase in population, this revolution has no means. We need big revolution at this juncture. 

The term Green revolution is applied to the period 1967-1978. In 1968, William S. Gaud coined the term ñGreen 

Revolutionò to describe phenomenal growth in agriculture. The first green revolution relied heavily on the use of 

large amounts of fertilizers, pesticides and other agricultural inputs. This coupled with continued expansion of 

farming areas led to self-sufficiency in food production. A quantum jump in the productivity and production of 

wheat and then rice transformed the image of India as a begging bowl to a bread basket. Second Green Revolution in 

fact refers to practicing sustainable agriculture. That is, protecting natural resources from becoming increasingly 

degraded and polluted and using production technologies that conserve and enhance the natural resource base of 

crops, forests, inlands and marine fisheries  [1].   

Aim of Second Green Revolution: 

 Declining productivity due to unstable agriculture practices over the years and galloping rate of population rate 

have both put a  severe strain on the food supply situation in the country. To meet the food requirements of the 
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growing population a second green revolution has become imperative. Second Green Revolution must aim at raising 

the productivity of other important food crops such as Sorghum, Millets and Cassava- food produced and consumed 

mainly by the worldôs poor. 

Calls for a Second Green Revolution 

The Second Green Revolution is a change in agricultural production widely thought necessary to feed and sustain 

the growing population on Earth. These calls have precipitated in part, as a response to rising food commodity 

prices, and fears of peak oil among other factors. 

Calling for a second Green Revolution, Prime Minister Sh. Narendra Modi  has  asked farmers to adopt scientific 

methods to enhance food grain production and reduce imports by using one-fifth of their farming land to cultivate 

lentils. 

 "Unless we prepare a balanced and a comprehensive integrated plan, we will not be able to change the lives of 

farmers," PM said, adding that Indian farmers are still lagging behind in terms of availability of good quality seeds, 

adequate water, power, right price and market for their produce. Invoking former Prime Minister Lal Bahadur 

Shastri's slogan "Jai Jawan, Jai Kisan," Modi asked farmers to try and grow pulses on part of their land.   

"The production of pulses in the country is very low. I (PM) urge farmers that if they have five acres of farming 

land, use four acres for other crops but cultivate pulses on at least one acre. This basic source of protein should be 

available to the poor at affordable prices," he said. The Centre is willing to pay more than the announced minimum 

support price to farmers for pulse production, he said.  

"We have seen the first Green Revolution, but it happened several years ago. Now it is the demand of time that there 

should be a second Green Revolution without any delay. And where is it possible? It is possible in eastern UP, 

Bihar, West Bengal, Jharkhand, Assam, and Odisha", PM said. "The government is making every effort to make the 

farmers aware of modern scientific advancements," he added.  The PM said only one model of farm technology 

cannot be adopted uniformly in the country as there are variations in soil and climatic conditions to consider. 

Pitching for 'per drop, more crop', he stressed the need for research in the field of agriculture to determine the health 

of soil and its needs in terms of seeds, water quantity, amount of fertilization, etc.  

"We want private individuals to own laboratories, similar to pathological laboratories, to test soil and issue a health 

card so that a farmer is aware of the deficiency, fertilizer requirements and type of crop suitable for his plot of land," 

he said, adding this will also lead to job creation. He also added that students enrolling in IARI from different parts 

of the country would come for higher education and research and would then return to their respective states after 

developing a model suitable for that geographical region [2].  

Role of Nanotechnology to Revolutionize Agriculture 
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The technology applied in agriculture is referring as green technology. The green technology subjects are energy, 

green buildings, environmentally preferred purchasing, green chemistry and green nanotechnology. Nanotechnology 

in agriculture has gained momentum in the last decade with an abundance of public funding, but the pace of 

development is modest, even though many disciplines come under the umbrella of agriculture. This could be 

attributed to: a unique nature of farm production, which functions as an open system whereby energy and matter are 

exchanged freely; the scale of demand of input materials always being gigantic in contrast with industrial 

nanoproducts; an absence of control over the input nanomaterials in contrast with industrial nanoproducts (eg, the 

cell phone) and because their fate has to be conceived on the ecosphere-biosphere-hydrosphere-atmosphere 

continuum; the time lag of emerging technologies reaching the farmersô field, especially given that many emerging 

economies are unwilling to spend on innovation; and the lack of foresight resulting from agricultural education not 

having attracted a sufficient number of brilliant minds the world over, while personnel from kindred disciplines 

might lack an understanding of agricultural production systems. If these issues are taken care of, nanotechnologic 

intervention in farming has bright prospects for improving the efficiency of nutrient use through nanoformulations 

of fertilizers, breaking yield barriers through bionanotechnology, surveillance and control of pests and diseases, 

understanding mechanisms of host-parasite interactions at the molecular level, development of new-generation 

pesticides and their carriers, preservation and packaging of food and food additives, strengthening of natural fibers, 

removal of contaminants from soil and water, improving the shelf-li fe of vegetables and flowers, clay-based 

nanoresources for precision water management, reclamation of salt-affected soils, and stabilization of erosion-prone 

surfaces, to name a few. 

Time for a Second Green Revolution 

After Green Revolution India had become self-sufficient in basic food grains (wheat and rice), but recently we are 

facing recurrent spells of shortages in essential items like lentils, edible oil, sugar and onions. This has resulted in 

their knee-jerk imports at exorbitant prices. According to experts if we do not focus immediately on increasing food 

production by rationalizing priorities in the agriculture sector, we may be in for a rude shock of unmanageable food 

scarcity. In the present scenario cultivable land and water availability are shrinking. We have almost dried our rivers 

and are emptying groundwater reservoirs by reckless extraction. Extensive use of chemical fertilizers and pesticides 

has polluted surface water and but groundwater resources. 

 Researchers should focus on alternative organic fertilizers and pesticides which will need less water. Irrigation 

should aim at giving only the required amount of water in the root zone of plants for which drip and/or sprinkler 

system must be applied in the entire cultivable areaðthrough subsidy, wherever necessary. Provide water to every 

field. This has to be done by making field channels, wherever terrain permits. At all other places sprinklers with 

minimal extraction of groundwater should be used to meet the target of total irrigation coverage to cultivated land. 

We will have to collect and store each drop of water, check its misuse and wastage, and use it frugally yet 

efficientlyðespecially in agriculture, because that is the biggest user sector of water. This should be the target of the 

second Green Revolution.  
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For Second Green Revolution we will have to develop techniques which would deliver more crops for each drop of 

irrigation as well as more yield per field of cultivated land. Although land available for agriculture is declining there 

is still scope to increase productivity from it, mainly because we are far behind most countries in per hectare yield. 

With new technology, improved seeds, rationalized crop rotation and balancing soil chemistry etc., we can obtain 

much more crop from the available land. Genetically improved seeds, which are being scoffed atðdue to lack of 

proper education and informationðcan enhance productivity greatly. 

Time has come to launch a second Green Revolution to provide long-term food security to the nation, and it is the 

direction in which agriculture scientists and institutions need to focus. Agriculture scientists should start their 

research by accepting that whatever water is available for irrigating crops is not only limited but also mostly 

polluted. Their target should be to obtain maximum production from frugal use of this water in irrigation. Of course, 

reuse and recycling of unclean water would be attempted after treating it to acceptable parameters for agricultural 

application [3]. 

The Second Green Revolution through Biotechnology: 

The worldôs food grain production was tripled and saved millions of life from famine. This could happen because of 

the Green Revolution during 1960s. Despite of that, feeding an estimated worldwide human population of over 9 

bill ion by 2050 and alleviating the malnutrition in the poor nations are still the massive global challenges.  

Conventional breeding strategies alone may not be able to increase the productivity without disturbing the 

environment. The biotechnological interventions including tissue culture, genetic engineering and molecular 

breeding have proved as a game changer.  

In India, Bt-cotton the only transgenic crop is the live demonstration of the importance of genetic engineering that 

has revolutionized cotton production by escalated yields, reduced insecticide applications, and improved socio-

economic livelihood of farmers. But misinformation, lack of public awareness and current national policies are the 

major bottleneck in the adoption of this technology.  

A second revolution has been made possible by the sequencing of the rice genome in 2005 (the first cereal crop to be 

sequenced). This enabled breeders to discover the genes for flood resistance in one obscure variety from eastern 

India and transfer them to varieties all round the world. Breeders will soon do the same for genes that provide other 

valuable traits. 

Conclusion: 

 70% of Indian population lives in rural areas  and 60% of its workforce is agriculture. As we all know current state 

of agriculture in India is result of green revolution which is in place since late 1960ôs, which was heavily backed by 

government. It has delivered India food security and sufficiency which was critical at that time. This progress and 

security had its own costs in terms of environment and economic viability. Green revolution rampantly used 

fertilizers and other chemicals, which made food and water, toxic to some extent. Indiaôs 80% of fresh water is 
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consumed by agriculture, more particularly by rice farming. Consequently, new agriculture policy of India aims at 

sustainable agriculture, which is popularly called óSecond Green Revolutionô or óEvergreen Revolutionô.  Declining 

Indian economy and growing food insecurity policy and environmental experts has called for a Second Green 

Revolution. The only way to attain food and nutritional security is by improving marginal and dry land agriculture in 

a sustainable manner by implementing Second Green Revolution. 
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ABSTRACT 

Agriculture plays a vital role in a developing country like India. Apart from fulfilling the food requirement of the 

growing Indian population, it also plays a role in improving economy of the country. Emphasis of present day 

agriculture is to produce more with lesser land, water and man power. The Green Revolution technology adoption 

during 1960 to 2000 has increased wide varieties of agricultural crop yield per hectare which increased 12-13% food 

supply in developing countries. Inputs like fertilizers, pesticides helped a lot in this regard. But in spite of this fact, 

food insecurity and poverty still prevails prominently in our country. Use of chemical pesticides and fertilizers have 

caused negative impact on environment by affecting soil fertility, water hardness, development of insect resistance, 

genetic variation in plants, increase in toxic residue through food chain and animal feed thus increasing health 

problems and many more which makes bio pesticides to come into picture. The present study deals with different 

type of biopesticide used in agriculture.  Bio-pesticides are ecofriendly pesticides which are obtained from naturally 

occurring substances (biochemicals), microbes and plants. They are also biochemical pesticides that are naturally 

occurring substances that control pests by nontoxic mechanisms. Biopesticides are living organisms (natural 

enemies) or their products (phytochemicals, microbial products) or by products (semiochemicals) which can be used 

for the management of pests that are injurious to plants. The most commonly used biopesticides are living 

organisms, which are pathogenic for the pest of interest. These include biofungicides (Trichoderma), bioherbicides 

(Phytopthora) and bioinsecticides (Bacillus thuringiensis). There are few plant products also which can now be used 

as a major biopesticide source. The stress on organic farming and on residue free commodities would certainly 

increased adoption of biopesticides by the farmers. 

Keywords: Biopesticide, Ecofriendly, Biofungicide, Bacillus thuringensis. 

Introduction  

Agriculture plays a vital role in a developing country like India as it plays a important role in improving economy of 

the country. Agriculture is adversely affected by destructive activities of numerous pests like bacteria, fungi, weeds 

and insects, leading reduced yields. Since 1960s, the most common method for pest control has been based on the 

intensive use of synthetic organic pesticides. The Green Revolution technology adoption during 1960 to 2000 has 

increased wide varieties of agricultural crop yield per hectare which increased 12-13% food supply in developing 

countries. Inputs like fertilizers, pesticides helped a lot in this regard. The indiscriminate use of chemical pesticides 

in modern agriculture resulted in the development of several problems such as pesticide resistance insects, 

resurgence of target and non target pests, destruction of beneficial organisms like honey bees, pollinators, 

parasitoids and predators and pesticide residue in food, feed and fodder (Al-Zaidi et al., 2011). Hence, the todayôs 

need is to produce maximum from the decreasing availability of natural resources without adversely affecting the 

environment. Therefore, alternative, environmentally safe methods are needed for pest management. As a result, 
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bio-pesticides using eco-friendly, plant or microbial derived ingredients showing broad insecticidal effects with 

minimal damage to the environment have been increasingly developed. Biopesticides are generally less toxic than 

chemical pesticides, often target specific, cause minimal harm to birds, insects and mammals. In addition, even if 

used in an open field, they decompose quickly, thereby minimizing the risk of environmental pollution or residual 

toxicity.  Bio-pesticides are ecofriendly pesticides which are obtained from naturally occurring substances 

(biochemicals), microbes and plants (Dutta, 2015). Biopesticides are certain types of pesticides derived from such 

natural materials as animals, plants, bacteria, and certain minerals. The most commonly used biopesticides are 

livingorganisms, which are pathogenic for the pest of interest. These include biofungicides (Trichoderma), 

bioherbicides (Phytopthora) and bioinsecticides (Bacillus thuringiensis).There are few plant products also which can 

now be used as a major biopesticide source (Salma et al., 2011). Plant-incorporated protectants include substances 

that are produced naturally on genetic modification of plants. Such examples are incorporation of BT gene, protease 

inhibitor, lectines, chitinase etc into the plant genome so that the transgenic plant synthesizes its own substance that 

destroys the targeted pest. In India, some of the biopesticides like Bt, NPV, neem based pesticides, etc. have already 

been registered and are being practiced. (Gupta, 2010). In the present study, an attempt has been made to provide a 

comprehensive study or review on biopesticide, its ecofriendly approach on the sustainable agriculture or for an 

evergreen revolution in agriculture. The study deals with different type of biopesticide, used in agriculture, its 

application and advantages. The study is based on secondary data which has been collected from the different 

sources. 

Types of Biopesticide 

Biopesticides are an important ingredient of Integrated Pest Management (IPM) packages due to their capability in 

maintaining the natural diversity without the use of any artificial or synthetic residues. The origin of Biopesticides 

can be microbial (bacteria, fungi or virus), herbal (plant extracts) or genetically modified plants (GM). Beauveria 

spp., Trichoderma spp., and Bacillus spp., are some of the microbial biopesticides. Biopesticides may be broadly 

categorized into three major groups: 1) Biochemical biopesticides 2) Microbial pesticides and 3) Plant-Incorporated 

Protectants (PIPs). 

1. Biochemical pesticides: Biochemical pesticides are naturally occurring substances that control pests by non-toxic 

mechanisms. Conventional pesticides are generally synthetic materials that directly kill or inactivate the pest.  

Biochemical pesticides are herbal-based substances that are naturally produced by a plant or an organism. They are 

non-toxic and biodegradable. They help the plant in counter-attacking its pests or producing chemicals that would 

prevent pest attack on the plant. Biochemical pesticides include substances that interfere with growth or mating, 

such as plant growth regulators, or substances that repel or attract pests, such as pheromones. Because it is 

sometimes difficult to determine whether a substance meets the criteria for classification as a biochemical pesticide, 

EPA has established a special committee to make such decisions. Plant biochemicals are collectively called 

botanicals and the most important botanical is pyrethrum, followed by neem, rotenone and essential oils, typical 

used as insecticides (e.g. pyrethrum, rotenone, rape seed oil, quassia extract, neem oil, nicotine), repellents (e.g. 

citronella), fungicides (e.g. laminarine, fennel oil, lecithine), herbicides (e.g. pine oil), sprouting inhibitors (e.g. 

caravay seed oil) (Isman, 2006). 
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2. Microbia l pesticides: These pesticides originate from micro-organisms such as bacteria, fungi or other protozoan 

groups. These are mostly target-specific organisms that are aimed at killing one or a group of pests. Microbial 

pesticides consist of a microorganism (e.g., a bacterium, fungus, virus or protozoan) as the active ingredient. Desai, 

(1997) concluded that microbial pesticides can control many different kinds of pests, although each separate active 

ingredient is relatively specific for its target pest. Forexample, there are fungi that control certain weeds, and other 

fungi that kill specific insects. Microbial pesticides can control many different kinds of pests these include 

biofungicides (Trichoderma), bioherbicides (Phytopthora) and bioinsecticides (Bacillus thuringiensis and 

Baculovirus).  The most widely used microbial pesticides are subspecies and strains of Bacillus thuringiensis, or Bt., 

can control certain insects in cabbage, potatoes, and other crops Each strain of this bacterium produces a different 

mix of proteins, and specifically kills one or a few related species of insect larvae. Some Bt's control moth larvae 

found on plants, other Bt's are specific for larvae of flies and mosquitoes. The target insect species are determined 

by whether the particular Bt produces a protein that can bind to a larval gut receptor, thereby causing the insect 

larvae to starve. (Kalra, and Khanuja, 2007). The widely used microbial pesticides are Trichoderma viride, Bacillus 

thuringenesis, Bacillus sphaericus, Pseudomonas fluorescence (Bacteria), Beauveria bassiana (Fungi), Baculo virus 

and Nucleopolyhedrosis Virus. 

3. Plant-Incorporated-Protectants (PIPs): These are genetically modified materials produced by modifying a 

protein and introduced into the plant so that it produces its own pesticide. Plant-Incorporated-Protectants are 

pesticidal substances that plants produce from genetic material that has been added to the plant. For example, the 

gene for Bt pesticidal protein, was introduced into the genetic material of cotton plant and plant manufactures the 

substance that destroys the pest. The protein and its genetic material, but not the plant itself, are regulated by EPA. 

(Thakore, 2006). Transgenic plant produces biodegradable protein with no harmful effect on animals and human 

beings, and thus minimizes the use of hazardous pesticides. 

 

Applications of Biopesticide 

Biopesticides  are usually applied in a manner similar to chemical pesticides, but achieve pest management in 

an environmentally friendly way. With all pest management products, but especially microbial agents, effective 

control requires appropriate formulation (Burges,1998) and application (Matthews et al., 2014, Lacey and Kaya, 

2007).  Biopesticides for use against crop diseases have already established themselves on a variety of crops. For 

example, biopesticides already play an important role in controlling downy mildew diseases.  A major growth area 

for biopesticides is in the area of seed treatments and soil amendments. Fungicidal and biofungicidal seed treatments 

are used to control soil borne fungal pathogens that cause seed rots, damping-off, root rot and seedling blights. They 

can also be used to control internal seedïborne fungal pathogens as well as fungal pathogens that are on the surface 

of the seed. Many biofungicidal products also show capacities to stimulate plant host defence and other 

physiological processes that can make treated crops more resistant to a variety of biotic and abiotic stresses. 

Biopesticide Technology in India 

The Bio pesticide segment occupies a small portion of the large pesticide market in India. In 2005, it accounted for 

just 2.89%, which was expected to increase by 2.3%. Globally, there are 175 registered biopesticide active-
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ingredients and 700 products available in the market (Hajeck and Leger, 1994). In India, so far only 12 types of 

biopesticides have been registered under the Insecticide Act, 1968 (Thakore, 2006). Neem based pesticides, Bacillus 

thuringensis, NPV and Trichoderma are the major biopesticides produced and used in India.   Last decade, has 

witnessed a rapid growth in this segment, especially on standardization of production techniques of Trichoderma, 

Gliocladium, Paecilomyces, Pseudomonas, Trichogramma, NPV and Bacillus to use them against many insect pests 

and diseases. Today, these biological control agents have been successfully employed in India. Trichogramma, 

which is a stingless wasp that feeds on the eggs of sugarcane borers, has been used against borers in the states of 

Tamil Nadu, Rajasthan, UP, Bihar and Haryana. Similarly Trichogramma, Bracon, Chelonus  and Chrysopaspp are 

being used for the control  of cotton bollworms. Trichogramma has also been used against rice stem borer and leaf 

folder. The sugarcane scale insect has been controlled with the help of predatory Coccinellid beetles in UP, West 

Bengal, Gujarat and Karnataka. Most of the biopesticides find use in public health, except a few that are used in 

agriculture as transgenic plants and beneficial organisms called bio-agents: are used for pest management in India 

(Kalra, and Khanuja, 2007). Important biopesticide registered in India are Bacillus thuringiensis var. israelensis,   

 Bacillus thuringiensis var. kurstaki,   Bacillus  thuringiensis  var. galleriae,  Bacillus sphaericus,   Trichoderma 

viride,  Trichoderma harzianum and  Pseudomonas fluoresens. Shia and Feng, (2004) reported some successful 

utilization of biopesticides and bio-control agents in Indian agriculture like control of rots and wilts disease in 

various crops by Trichoderma based products, control of mango hoppers and mealy bugs and coffee pod borer by 

Beauveria, control of Helicoverpa on cotton, pigeon-pea, and tomato by Bacillus thuringiensis, control of white fly 

on cotton by neem products, control of diamondback moths by Bacillus thuringiensis, control of sugarcane borers by 

Trichogramma and control of Helicoverpa on gram by N.P.V. 

Advantages of Biopesticide 

¶ Biopesticides are usually inherently less toxic than conventional pesticides. No harmful residues detected. 

¶ Biopesticides generally affect only the target pest and closely related organisms, in contrast to broad spectrum, 

conventional pesticides that may affect organisms as different as birds, insects and mammals. 

¶ Biopesticides often are effective in very small quantities and often decompose quickly, resulting in lower 

exposures and largely avoiding the pollution problems caused by conventional pesticides. It can be cheaper than 

chemical pesticides when locally produced. 

¶ When used as a component of Integrated Pest Management (IPM) programs, biopesticides can greatly reduce 

the use of conventional pesticides, while crop yields remain high. Biopesticides can be more effective than 

chemical pesticides in the long-term   

Conclusion 

 India has a vast potential for biopesticides. To develop eco-friendly pest control technologies are the need of day 

and challenging tasks for developing countries to improve agricultural productivity in a sustainable manner. 

Biopesticides are considered as one of the eco-safe alternatives due to their biodegradation in nature, multiple mode 

of action on target pests and may not leave toxic residues,are used globally for controlling insect pests and diseases. 

Thus bio-pesticides would achieve the target of evergreen revolution or second green revolution if these bio-
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molecules can be characterized for their potency using available modern biotechnological tools, to develop low cost 

technology for compound isolation, formulation and commercial scale establishment of plant resource and microbial 

pesticides. The stress on organic farming and on residue free commodities would certainly warrant increased 

adoption of biopesticides by the farmers.   
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Rhododendron Diversity and their Conservation in Sikkim Himalayas 
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Abstract 

The genus belongs to family Ericacae of order Ericales. In India the members of the family are confined to 

higher altitudes and grow from 1,500 to 6,000 meters. But most of the species are found at altitudes between 

2,500 to 4,500 meters. The Rhododendron are found along with Pines and Junipers Elnus, Popular, Betula and 

Quercus in Eastern Himalayas. The plants sprout in February, March and profuse flowering continues till July. 

Flowers with beautiful shapes and shades add to the beauty of the high altitudes. Forty three species of 

Rhododendron are found in India out of which thirty six species are confined to Sikkim alone. The 

Rhododendron is a keystone species in the higher altitudes of Himalayas. It is a sacred plant and has a lot of 

social importance attached to it. It also has aesthetic, ethano - medicinal, medicinal, and commercial value. The 

plant is also used as fuel wood. Due to anthropogenic activities the natural populations and diversity of 

Rhododendron species in the entire Himalayas are gradually diminishing. The major threats to Rhododendron 

population and diversity are deforestation, and unsustainable extraction for firewood and incense by local 

people. Many species of Rhododendron which are classified as rare or endangered may soon become extinct 

and will we lost forever if proper conservation measures are not taken. The present study deals with the study of 

diversity of the plant, its conservation status and strategies being used to tackle the situation.  

Key Words: Rhododendron, Diversity, Conservation, Sikkim, Himalayas.  

Introduction:  

 The genus Rhododendron, belongs to the family Ericaceae and was founded by Linnaeus [1]. The 

word Rhododendron itself is derived by two Greek words rhodon (rose) and dendron (tree)  which mean, rose 

tree. This genus is represented by 850 species in the world [2], which are mostly distributed at higher elevations 

in the Sino-Himalayan region with maximum concentration in Western China [3]. In India, the genus is mostly 

confined to the Himalayan region, especially in the Eastern Himalayas. A revision of the genus was carried out 

by Cullen [4], Chamberlain [5], Philipson and Philipson [6],Chamberlain and Rae [7], Kron [8] and, Judd and 

Kron [9]. Some inventories of the genus were also made by Pradhan [3,10], Ghosh and Samaddar [11], 

Bhattacharyya and Sanjappa [12]. Sastry and Hajra [13] and Mao et al. [14]  contributed towards the study of 

rare and endemic Rhododendrons of India. Extensive study of Rhododendrons of  the Sikkim-Himalayan region 

were conducted by Pradhan and Lachungpa [15] and Singh et al. [16].  

 The Indian Himalayas are one of the most recent and fragile mountain regions of the world. They 

house a large number of biological species, and harbour one of the biological hot spots of the world. The region 

is quite rich in a variety of flora, fauna, human settlements, tribes and culture. Of the estimated 8,000 species of 

vascular plants in the Himalayan region, around 3,160 are endemic and 450 species are endangered [17, 18]. 
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This diversity is constantly and increasingly under pressure from anthropogenic activities. The indiscriminate 

exploitation of the flora, fauna and other natural resources present in the region, destruction of natural habitats, 

spread of non biodegradable organic chemicals, introduction of alien species, have taken a toll on the number of 

a number of plant and animal species, which have disappeared completely while others await the same fate [19]. 

Due to this disappearance of the natural flora and fauna, an alarm has been raised by the enlightened gentry of 

the world towards the conservation of the various species present in the world. In this regard, efforts are being 

made to conserve the various species and genera endemic to the respective areas. One such plant species 

endemic to the Himalayas is the Rhododendron. It is found at high altitudes in Himalayan regions of both the 

Western and Eastern Himalayas at very high altitudes. Again in the North - Eastern states a very large number 

of species of the plant ( Rhododendron ) are present. Due to human interference the natural populations of 

Rhododendrons in the entire Himalaya are gradually diminishing. The major threats to Rhododendrons are 

deforestation and unsustainable extraction for firewood and incense by local people. A set of Rhododendrons 

which are classified as rare/endangered may be wiped out from the biota in the near future if proper 

conservation measures are not made. [20] In the present paper we deal with the diversity and conservation status 

of Rhododendron in the state of Sikkim. 

Material And Methods: 

The present work is based on extensive literature surveys made in the state of Sikkim., Published scientific 

papers, monographs, red-list documents, IUCN list, etc. were consulted, for the threat categories. All the taxa 

observed and studied, have been meticulously listed in table form with their vital information and their threat 

categories have also been listed.  

Results and Discussion: 

A total of 38 species, 3 subspecies and 2 varieties of Rhododendrons were recorded in the state of Sikkim in the 

study, the details are provided in the table. The distribution of species in relation to altitude is as follows: The 

maximum numbers of Rhododenrons are present at an altitude of  3001-3500 mts. Minimum number of  the 

said plant are found at the lower altitudes of  500-1000 mts.  and above 5000 mts. The genera was absent at an 

altitude of less than 500 mts. Only one species viz., namely R. arboreum Sm. is only found at an altitude of less 

than 1000 mts. (800 m onwards).  R.nivale Hook. f. was  the single species found  above  the altitude of  5000 

mts. The  three taxa  found endemic to Sikkim were  R. candelabrum Hook. f. ,     R. decipiens Lacait. and R. 

sikkimense U. C. Pradhan & S. T. Lachungpa. The following four taxa were found to be endangered, these are  

R. leptocarpum Nutt. , R. maddenii Hook. f., R. niveum Hook. f. and  R. pumilum Hook. f.. of the observed taxa  

Nine were found to be rare which are,  R. baileyi Balf. f., R. campylocarpum Hook. f., R. edgeworthii Hook. f., 

R. keysii Nutt., R. maddenii Hook. f., R. papillatum Balf. f. & Copper, R. pendulum Hook. f., R. wightii Hook. f. 

and R. xanthostephanum Merrill out of which R. maddenii Hook. f. is both endangered and rare. 

 The species of Rhododendrons exhibits significant diversity in habit and broad range of distribution 

from the altitude of 800-6000 mts. A total of 38 species, 3 subspecies and 2 varieties of Rhododendrons were 

recorded in the state of Sikkim in the study. Out of these species, 3 species were endemic to Sikkim; four 
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species were found to be endangered, while nine species were found to be rare and 23 were not yet evaluated till 

the time of study[14,16,20]. On comparison with neighboring states the maximum concentration of species is 

observed in Arunachal Pradesh , where 75of the total 87 species of  Rhododendron, found in the eastern 

Himalayas are observed,  after that the states in the order of decreasing  diversity  of Rhododendron species are 

Sikkim, Manipur, Mizoram, Nagaland and Meghalaya.  Compared with other Rhododendron rich regions China 

has a total of 571 species of Rhododendrons, out of which 409 species are endemic [21]. Countries like 

Pakistan, Bhutan, Nepal, etc. are have very little species diversity of Rhododendrons.  Considering the altitude 

the maximum number of  Rhododendron species are present in the altitudes of 3001-3500 mts. These altitudes 

are considered as optimum suitable heights for the growth the Rhododendrons and for their conservation and 

multiplication. 

 In the present times, the diversity as well as the number of species of Rhododendrons is adversely 

affected due to threats posed by natural calamaties and anthropogenic activities. The rise in population with 

demand on land for farming, increased animal husbandry practices, construction of roadways, hydel-power 

stations and allied works, army personnel garrisoned at alpine locations and lately the tourist influx have 

collectively resulted in the building up of considerable pressure on the availability of Rhododendron species 

[20,21]. The major threats to Rhododendrons are deforestation and unsustainable extraction for firewood and 

incense by local people. Due to the presence of polyphenols and flavonoids, Rhododendrons make excellent 

firewood that burns even under wet conditions. Rhododendron firewood is also being used in the high-altitude 

trekking corridor for the purpose of tourism. Some of the species have already become scarce, for example, R. 

leptocarpum is endangered and reported to have only 16 surviving individuals at present in the Sikkim [16, 20]. 

The conservation of Rhododendron species can be done by, the in-situ and ex-situ modes of conservation. In-

situ conservation can be brought about by establishing Rhododendron sanctuaries, Parks, etc. which is being 

looked into by the Sikkim government and the Government of India. Two Rhododendron sanctuaries have 

already been established at Barsey in West Sikkim and at Shingba in North Sikkim[22]. Other than that various 

governmental agencies and NGOôs also take up programs from time to time to create awareness for the 

environment. Some efforts by Sikkim forest department and Sikkim Rhododendron Society have been made by 

fencing the Rhododendron rich sites and declaring them as Rhododendron Sanctuary between Lachung and 

Yumthang in the State.  

 

The ex-situ conservation can be made by cultivating Rhododendron species in the gardens and parks under 

suitable climatic conditions or by using tissue culture techniques. The plants can be introduced in Botanical 

Gardens and Parks also. The species of Rhododendron arboreum is being propagated through cuttings [23,24]. 

Tissue culture studies of Indian Rhododendrons are also being used to propagate the species of which 

Rhododendron maddeni is a successful example [25]. In many countries, these techniques are already in use for 

commercial cultivation of Rhododendrons  [26-32]. The success of the conservation programs depends as much, 

on Govermental agencies, NGOôs, as much as on the awareness of local people. But an onus also lies with 

common tourist also. It is imperative to educate the local inhabitants and the tourism industry operators and 
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tourists about the wealth of Rhododendrons and importance towards the conservation of biodiversity in the 

region. 
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Table 1: Rhododendrons of Sikkim 

S. 

No.  

NAME OF THE TAXA ALTITUDE 

(MTS) 

STAT

US 

1 R. anthopogon D. Don  3350-5000 N.E. 

2 R. anthopogon D. Don subsp. hypenanthum (Balf. f.) J. Cullen  3350-5000 N.E. 

3 R. arboreum Sm.  800-3000 N.E. 

4 R. arboreum Sm. subsp. Cinnamomeum (Wall. ex G. Don) Tagg c.  2500 N.E. 

5 R. arboreum Sm. var. roseum Lindl.  2500-3600 N.E. 

6 R. baileyi Balf. f.  3000-4000 R.A.
1
 

7 R. barbatum G. Don  2500-3700 N.E. 

8 R. camelliaeflorum Hook. f.  2700-4000 N.E. 

9 R. campanulatum D. Don  2500-4300 N.E. 

10 R. campanulatum D. Don subsp. aeruginosum (Hook. f.) D. F. Chamb.  4500-5000 N.E. 

11 R. campanulatum D. Don var. wallichii Hook. f.  4000 N.E. 

12 R. campylocarpum Hook. f.  3300-4300 R.A.
1
 

13 R. candelabrum Hook. f.  3600-4300 E.N.
1
 

14 R. ciliatum Hook. f.  2700-3400 N.E. 

15 R. dalhousiae Hook. f.  1800-2300 N.E. 

16 R. decipiens Lacait.  2500-3000 E.N.
1
 

17 R. edgeworthii Hook. f.  2100-3300 R.A.
1
 

18 R. falconeri Hook. f.  2100-4000 N.E. 

19 R. glaucophyllum Rehder  3080-3700 N.E. 

20 R. grande Wight  2160-3385 N.E. 

21 R. griffithianum Wight  2160-2770 N.E. 

22 R. hodgsonii Hook. f.  3080-3690 N.E. 

23 R. keysii Nutt.  2440-3650 R.A.
1
 

24 R. lanatum Hook. f.  3080-4000 N.E. 

25 R. lepidotum Wall. ex D. Don  2160-4620 N.E. 

26 R. leptocarpum Nutt.  2300-4310 E.D.
2
 

27 R. lindleyi T. Moore  1850-3080 N.E. 

28 R. maddenii Hook. f.  2400-3650 RA
1
, 

ED
2
 

29 R. nivale Hook. f.  4000-6000 NE 



International Science Congress Association 

www.isca.in , www.isca.co.in , www.isca.net.co , www.isca.net.in 

'THE ROLE OF BIOLOGY IN BRINGING SECOND GREEN REVOLUTION  25 
 

30 R. niveum Hook. f.  3080-3700 ED
2
 

31 R. papillatum Balf. f. & Copper  1800-3300 RA
1
 

32 R. pendulum Hook. f.  2270-3650 RA
1
 

33 R. pumilum Hook. f.  3500-4500 ED
2
 

34 R. setosum D. Don  2160-4950 NE 

35 R. sikkimense U. C. Pradhan & S. T. Lachungpa  3700 EN
1
 

36 R. smithii Nutt.  2160-3700 NE 

37 R. thomsonii Hook. f.  3390-4000 NE 

38 R. triflorum Hook. f.  2160-2930 NE 

39 R. vaccinioides Hook. f.  1850-3700 NE 

40 R. virgatum Hook. f.  2160-2770  NE 

41 R. wallichii Hook. f.  4000-4500  NE 

42 R. wightii Hook. f.  3050-4310  RA
2
 

43 R. xanthostephanum Merrill  1500-3000  RA
1
 

1 - Mao et al., 2002; 2 ï Singh et al., 2003; ED - Endangered; EN ï Endemic; NE ï Not Evaluated; RA ï Rare;  
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ABSTRACT 

 The race for rapid development has resulted in unscrupulous exploitation of natural resources. This has disturbed 

the delicate ecological balance between living and nonliving components of the biosphere. Of the various changes 

disturbing the ecological balance most originate from industries. Emissions from various industrial units, thermal 

power plants, etc. have immensely contributed to environmental pollution. Entire global biota (flora and fauna) has 

become vulnerable to this ever increasing menace. Present study deals with the observation made on the plants on 

roadside in comparison to plants in controlled area. On roadside plants having heavy auto-exhaust pollution load. 

Present studies were made on Sida veronicaefolia taken from Garh road, Railway road, Delhi road and University 

road. These changes have been worked out on the basis of percentage of reduction in various parameters in tested 

plants. Due to high concentration of automobile pollution, the number of stomata, stomatal index and stomatal 

density were reduced and Number of epidermal cells and epidermal density were increased. Variation in stomatal 

index and stomatal density on the adaxial and abaxial surface has been observed in these plants. 

Key Words: Stomatal Density, Stomatal index, epidermal density, Vehicular exhaust pollution. 

INTRODUCTION :  

Our environment is a complex mixture of a number of constituents like air, water, soil, plants and animals, all of 

which maintain a dynamic inter-relationship and interdependence.  The earth is the only planet known in the entire 

universe capable of supporting life which is due to its unique environment. Any undesirable change in the 

environment, which may be due to addition of unwanted substances results in atmospheric pollution and disturbs the 

normal functioning of the ecosystem. Zielinska et al., 2004 reported that the composition of emissions from 

automobiles highly depend on the fuel type, the state of vehicular maintenance and ambient conditions. Sarkar et al. 

1986 observed the high effects of automobile exhaust pollution on Clerodendron incerme, Solanum torum and 

Calotropis procera along a road carring dense traffic. And found visible injury, necrosis, chlorosis and reduction in 

leaf area due to air pollution. Decrease in stomatal frequency and occurence of aborted stomata were reported in the 

leaves of some woody perennials as a result of air pollution (Chattopadhyay, 1996 ). Similarly, decrease in stomatal 

index, density and coverage area was observed in Dahlia and Tagetus (Dhaka, 1999; Prakash et al., 2008; 

Helianthus annus (Goswami, 2002; Zea mays (Jeyakumar et al., 2003) and Mammillaria fragilis (Joshi et al.,2004); 

in sunflower and napier grass (Marie and Romeo, 2008); and Miyazawa et al. 2006. 

 

MATERIAL AND METHOD:  
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Leaves collected from different sites and studied. For the study of stomata parameters, the replica technique 

(conservative facsimile technique) was adoptd (Prakash and Kumar, 1995). In this method, an adhesive such as 

quick-fix was applied on the surface of the leaf. It was allowed to dry for a few seconds and then a cellotape was 

placed on the leaf surface. The tape was then pulled off and the impression of leaf epidermis than was obtained 

under the microscope. Stomatal index was determined as follows. 

( )
Number of stomata

Stomatal density  
2Field area mm

=
-

 

( )
Number of epidermal cells

Epidermal density  100
2Field area mm

= ³
-

 

S
Stomatal index    100 (Salisbury,  1927)

E S 
= ³
+

 

Where,  

  S = no. of stomata in  microscope field area
-1

,  

  E = no. of epidermal cells microscopic field area
-1 

RESULTS & DISCUSSION: 

 The reduction in the number of stomata on adaxial and abaxial surface was  Sida veronicaefolia 32.0% and 15.75 at 

Delhi road (Table: 1, 2). The number of epidermal cells however recorded at increase. The number of epidermal 

cells was higher at high polluted sites. In Sida veronicaefolia plant the stomatal index at Delhi road was 15.3783 on 

adaxial surface and 20.6632 on abaxial surface (Table 1, 3). 

Stomatal density also recorded a decrease at different polluted sites. In In Sida veronicaefolia the stomatal density 

was 120.3966/ 180.594 on adaxial/ abaxial surface at Delhi road and 173.5127/ 254.957 on adaxial/ abaxial surface 

at University road (Table 1, 3). Number of epidermal cells got increased in number due to reduction in number 

stomata was observed with an increase in concentration of pollutants at polluted site. As a result of reduction in the 

number of stomata, the epidermal density was increased.  In Sida veronicaefolia the epidermal density was recorded 

as 662.1813 mm
-2
 / 686.968 mm

-2
 on adaxial / abaxial surfaces at Delhi road. In Sida veronicaefolia, the stomatal 

coverage area is 2521.2464/ 3271.9546 on adaxial/ abaxial surface at Delhi road and 5545.3257/ 7963.8810 on 

adaxial/ abaxial surface at University road (Tables 2, 4). In Sida veronicaefolia the number of trichomes recorded an 

increase of 3.25/1.5 on adaxial/ abaxial surface at Delhi road and 1.0/0.75 on adaxial/ abaxial at University road. T 

he results were statistically analyzed and interpreted by three way ANOVA. All the data were subjected to statistical 

analysis to find out Critical Difference at (CD) 5% and 1% level (Fisher, 1951)  is superscripted with single star (*) 

and double star (**)respectively. 
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Effect of pollution on various other parameters of plants growth growing under polluted condition might be 

attributed to the disturbances caused in habitat due to pollutants emitted by diesel engines of locomotives, deposition 

of smoke, carbon, dust and gaseous pollutant, etc. present study number of stomata decreases with increase in 

pollution on roadside. As the number of stomata decreases, consequently the number of epidermal cells increases. 

Decrease in stomata could be regarded as an adaptive feature developed by plants in order to cope up with the effect 

of the gaseous pollutant which enters the leaf, injuries the tissue and causes death (Chattopadhyay, 1996); Marie et. 

al., 2008; Prakash et al., 2008. Gaseous pollutant enters the leaves through stomata following the same diffusion 

pathway as CO2. Stomatal opening is checked by the entry of gases in leaf. The pollutants after entering the leaf 

dissolve in the apoplastic water to produce mainly sulphite and bisulphite ions as (SO3
-2
, HSO3

-
) which are toxic at 

high concentrations but at low concentrations are effectively detoxified by plants to sulphate ions which then work 

as sulphur source for the plant. Kulshreshtha et. al., 2005); Salsbury 2006; Sunstar.com 2009.  

Urban areas are characterized by higher concentration of SO2, hence the plants in these areas cannot be 

detoxified rapidly and adapt themselves by following some line of defense against SO2 stress. It may include 

stomotal closure and reduction in number of stomata was observed at all sites, so stomatal index and stomatal 

Density was also reduced accordingly. The number of trichomes was high at upper surface and low at lower surface. 

Higher number of trichomes was found on the upper surface of the leaf in order to keep the pollutants away from the 

leaf surface.The gradual increase in trichome number may be due to the tendency of plants to increase the resistance 

to air pollutants as the trichomes may increase boundary layer resistance and hence reducing the gaseous diffusion 

into leaves. The effect was more severe on adaxial surface than on abaxial surface. This might be due to direct 

exposure of the adaxial surface to the pollutant. As the number of stomata decreases, consequently number of 

epidermal cells increases. This resulted in increase in epidermal density. 

CONCLUSION:   

Present paper shows an overview that high concentration of pollutants was observed at Delhi road and low at 

University and moderate at Garh road and Railway road in comparison to control site. The adverse effects of air 

pollution on plants were greater in the area receiving higher pollution load and vice-versa. Due to higher level of 

dust on upper surface of plant, stomatal process and food synthesis in leaves were highly affected. According to the 

study it can be concluded that Delhi road was most polluted site followed by Garh road, Railway road, and 

University road in comparison to control. It can be concluded that the high level of pollution in busy roadsites 

hampers the plant growth and development to an extent that the plant is disturbed. 
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TABLES:

Table. 1  Stomatal response in terms of no. of epidermal cells, no. of stomata, epidermal density (mm
-2
),      stomatal 

density (mm
-2

) and stomatal index on adaxial surface in Sida veronicaefolia   plant. 
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Attribute 

Different Study Sites Statistical Value 

Control Delhi Road Garh Road 
Railway 

Road 

University 

Road 
CD 5% CD 1% 

No. of epidermal 

cells 

27.0 

+ 1.1547 

46.75 

+ 0.9574 

40.25 

+ 1.5 

39.25 

+ 2.5 

38.5 

+ 1.732 

  

No. of stomata 

12.5 

+ 0.5773 

8.5 

+ 0.5773 

9.25 

+ 0.5 

10.75 

+ 0.5 

12.25 

+ 0.5 

  

 Epidermal 

density (mm
-2
) 

382.4362 

+ 16.355 

662.1813** 

+ 13.5612 

570.1133** 

+ 21.246 

555.9490** 

+ 35.4107 

545.3257** 

+ 24.533 

47.756 113.830 

Stomatal density 

(mm
-2

) 

177.0538 

+ 8.1777 

120.3966* 

+ 8.177 

131.01983* 

+ 7.0821 

152.2662* 

+ 7.0821 

173.5127 

+ 7.0821 

23.878 56.916 

Stomatal index 

31.6548 

+ 1.36190 

15.3783** 

+ 0.8467 

18.6826** 

+ 0.5084 

21.5339** 

+ 1.3383 

24.1515* 

+ 0.9969 

3.976 9.478 

 

Table 2. Stomatal response in terms of length and breadth of stomata and stomatal coverage area (mm
-2
) on adaxial 

surface in Sida veronicaefolia   plant. 

Attribute 

Different Study Sites Statistical value 

Control Delhi Road Garh Road 
Railway 

Road 

University 

Road 
CD 5% CD 1% 

Length of 

stomata(  

210.0 

+ 24.494 

157.5 

+ 15.0 

180.0 

+ 24.494 

195.0 

+ 17.320 

202.5 

+ 15.0 

  

Breadth of 

 

150.0 

+ 24.494 

120.0 

+ 0.0 

127.5 

+ 15.0 

135.0 

+ 17.320 

142.5 

+ 15.0 
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Stomatal 

coverage area 

(mm
-2

) 

6157.932 

+ 943.628 

2521.2464* 

+ 187.9107 

3349.8583* 

+ 665.7223 

4472.3796 

+ 849.730 

5545.3257 

+ 561.0567 

2755.393 6567.650 

 

Table. 3  Stomatal response in terms of no. of epidermal cells, no. of stomata, epidermal density (mm
-2
), stomatal density 

(mm
-2
) and stomatal index on abaxial surface in Sida  veronicaefolia   plant. 

Attribute 

Different Study Sites Statistical Value 

Control Delhi Road Garh Road 
Railway 

Road 

University 

Road 
CD 5% CD 1% 

No. of epidermal 

cells 

40.25 

+ 1.258 

48.5 

+ 0.5773 

46.0 

+ 0.816 

44.0 

+ 0.816 

40.75 

+ 1.5 

  

No. of stomata 

20.75 

+ 0.9575 

12.75 

+ 2.2173 

13.5 

+ 2.516 

15.75 

+ 0.9574 

18.0 

+ 1.4142 

  

 Epidermal density 

(mm
-2

) 

570.113 

+ 17.823 

686.968** 

+ 8.1777 

651.558* 

+ 11.565 

623.229* 

+ 11.565 

577.195 

+ 21.246 

52.043 124.048 

Stomatal density 

(mm
-2

) 

293.909 

+ 13.561 

180.594** 

+ 31.407 

191.218** 

+ 35.646 

223.087* 

+ 13.561 

254.957 

+ 20.031 

39.598 94.384 

Stomatal index 

34.008 

+ 0.508 

20.6632** 

+ 3.005 

22.6100** 

+ 3.642 

26.346* 

+ 1.067 

30.631 

+ 2.177 

1.483 3.535 
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Table. 4  Stomatal 
-2

) on abaxial surface 

in Sida veronicaefolia   plant. 

Attribute 

Different Study Sites Statistical value 

Control Delhi Road Garh Road 
Railway 

Road 

University 

Road 
CD 5% CD 1% 

Length of 

 

202.5 

+ 15.0 

127.5 

+ 15.0 

142.5 

+ 15.0 

165.0 

+ 17.320 

187.5 

+ 15.0 

  

Breadth of 

 

16.5 

+ 17.320 

127.5 

+ 15.0 

127.5 

+ 28.722 

135.0 

+ 17.320 

150.0 

+ 24.494 

  

Stomatal coverage 

area 

(mm
-2

) 

10949.008 

+ 1759.7914 

3271.9546* 

+ 814.991 

3788.951* 

+ 906.035 

5541.784* 

+ 1168.555 

7963.8810 

+ 1550.862 

5138.590 12248.148 
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In vitro  study of an endangered ñMiracle plantò: Mandookparni (Centella asiatica (L.) 

Urb.)  

                                                          Shalini Sharma* and  Y. Vimala 
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                                                [*shalini2976@gmail.com] 

Abstract 

 Plants have been used as treatments for thousands of years, based on experience and folk remedies and continue 

to draw wide attention for their role in the treatment of chronic diseases. Mandookparni (Centella asiatica (L.) 

Urb.) or Indian pennywort medicinal herb belongs to family Apiaceae. It is valued in Indian systems of 

medicines for improving memory, for treatment of nervine disorders, skin diseases and wound healing. The 

bioactive compounds responsible for its medicinal properties are triterpene saponins as Asiaticoside, Asiatic 

acid, Madecassocide etc. Rapid urbanization, degradation of plant habitat, ruthless collection of herb and other 

anthropological activities have markedly depleted the wild stocks of plant. It has been listed as Threatened plant 

species by IUCN and an endangered species. Present study reports the standardized protocol for callus induction 

from Centella plant and comparative account of yield of asiaticoside from this callus by treating with various 

growth regulators, salt and colchicine treatment. Present study reports significant amount of yield of asiaticoside 

from callus with that of 60 days old leaves of plants, so that overexploitation of this herb can be avoided. 

Key words: Mandookparni, Callus induction, Salt treatment, Colchicine treatment, Asiaticoside. 

Introduction:  

 Plants have been enumerated as an efficient basis of medicine since immemorial past. Drugs based on 

the plants are of prime importance for several remedies in traditional and conventional medicine throughout the 

world and serve as a substitute for drug supply in modern medicine. Now a days world markets are turning 

towards plants as the source of ingredients in manufacturing health care products. Secondary metabolites 

obtained from the plants are found to be an important source of various phytochemicals that could be used 

directly or as an intermediate for the production of pharmaceuticals. Approximately 80% of the population still 

relies on the traditional medicine derived from the plants for health care needs 3-5. Thus the demand for herbal 

medicines is continuously increasing day by day due to lesser side effects in comparison to the synthetic drugs. 

Unfortunately, in the present day, precipitous economic development and suburbanization resulted in 

overexploitation and loss of valuable natural resources, including the medicinally important plants. As a result, 

many of the plant species are endangered or threatened with extinction leading to severe depletion of 

biodiversity. C. asiatica L. (Fig. 1) is one of the threatened medicinal herbs, generally endemic to Western 

Ghats of South India. 

The medicinal properties of this plant are due to secondary metabolites triterpenoidsaponins, that can 

be defensive substances such as phytoanticipins, antifeedant, attractants, phytoalexins and pheromones. The 

triterpene of C. asiatica composed of several compounds which include asiatic acid, madecassic acid, 

asiaticoside, madecassoside, brahmic acid, thankunoside, isothankunoside, centelloside, sceffoleoside, madsiatic 

acid, centic acid and centillic acid and alkaloid hydrocotylin. In addition to these bioactive components it also 

contains high phenolic content which is contributed by the flavonoids such as quercetin, kaempherol, catechin, 
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rutin, apigenin and naringin and sugars, tannins and Vellarine. Among the triterpenes, the most important 

biologically active compounds are the Asiatic acid, madecassic acid, asiaticoside and madecassoside.The 

development of plant tissue culture technology holds great promise for conservation and enhancement of 

valuable medicinal plants 

Material and Methods: 

(A) Materials:  

Plants of Centella were procured from Forest Research Institute, Dehradun. The procured plantlets of Centella 

were allowed to multiply in damp and shaded area of garden. Plantlets of equal size and age were selected for 

transfer to experimental pots for in vivo propagation. For the present study leaves and petiole of Centella 

asiatica were used as experimental materials. 

C. asiatica L. is a small stonoliferous perennial creeping aromatic herb belonging to the family 

Apiaceae (Umbelliferae). The leaves are 2-5 cm wide, hastate or cordate or palmately lobed or reniform, 

arranged in an alternate fashion in form of clusters at stem nodes having long stalk and sheathing leaf bases. The 

petiole is long and stipules are small in size. 

  

 Fig.1 showing C. asiatica L. (Urb.) plant  

 

C. asiatica L. has been used for several hundred years in folk medicines. In Indian Ayurveda literature, 

C. asiaticais considered as one of the recognised drugs used for ñRasayanaôô purpose. In Chinese medicine, C. 

asiaticais used for treatment of vomiting, epistaxis, urinary calculi, scabies and jaundice. In homeopathic 

medicine, it is used for treating ascariasis, elephantiasis and in granular cervicites. Clinical tests have formulated 

several benefits of C. asiatica extracts in terms of wound healing, burns and in skin diseases in gastrointestinal 

disorders and in treatment of  leprosy, lupus, scleroderma, eczema, veins diseases. It is also used for treatment of 

psoriasis. It gives protection against diseases by enhancing immunity of the body. The extract of the whole plant 

is reported to have anticancerous activity and the methanolic extract of aerial parts of C. asiatica inhibit the 

growth of human uterine carcinoma, human gastric carcinoma, and murine melanoma cells in vitro . C. asiatica 

is also used as nervine tonic, along with antibacterial, antifeedant and antileptic property. It is also efficient in 

promoting fast growth of skin and keratinization. It also possesses anti-inflammatory and memory enhancing 

property. It also finds application in controlling anxiety and thereby imparting mental calmness. Wound healing, 

memory enhancement, neuroprotective, immunomodulatory, hepatoprotective, cardiovascular, antidepressant 

and anticancer. 

 

 METHODS:  

STANDARDIZATION OF CULTURE ESTABLISHMENT MEDIUM:  
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Chemicals: All the chemicals used for preparation of basal medium as well as for biochemical analyses, were 

procured from Qualigens Pvt. Ltd., Mumbai, India and vitamins and plant growth regulators from Merck India 

limited and Sigma Chemicals 

Preparation of culture media: Standard  medium [6] was used as basal medium throughout the present tissue 

culture studies.  Young leaves and petioles of Centella were surface sterilized with 0.1% HgCl2 and 70% alcohol 

before inoculation. 

 

Explant:  In Centella young leaves and their petioles were used as explant. The explants were inoculated for 

establishing callus culture. The callus induced from different explants was maintained on same medium for 

minimum of 2-3 passages and was used for subsequent experiments. The undifferentiated stock calli were 

routinely subcultured at an interval of every 4 weeks for subsequent experimentation. 

 

Incubation of cultures: The cultures were incubated in culture room and provided with light of 1400 lux 

intensity with a photo period of 16/8 h light/ dark cycles at 25 °2
o
C temperature maintained by automated 

photoperiod controlled device and air conditioner or room heater. 

 

Standardization of basal medium: For culture initiation MS medium supplemented with growth regulators 

was studied for culture establishment. BAP, Kn individually or in combination with NAA and IBA along with 

30 g/l sucrose and 8.0 g/l agar ï agar were used. 

 

Sub culture procedure : The calli were regularly transferred every 3-4   weeks in their exponential phase of 

growth on the fresh media. In subsequent passages, the non-morphogenic callus was transferred on auxin or 

cytokinin alone or in combination of both, with three salt treatments (50, 75 & 100 mM NaCl) and without salt 

added media (as control). Actively dividing cells of calli were treated with Colchicine (Ctrl and 0.4%) in liquid 

medium for 24 hours. Then these were analyzed with their respective controls for growth and type of callus after 

fourth week as treated calli showed various growths under different hormonal treatments, salts as well as 

colchicine treatment. 

PHYSICOCHEMICAL ANALYSIS:  

× Weight analysis (Fresh weight, Dry weight) and Moisture content- Moisture percent was calculated 

according to the following formula: -           

-ÏÉÓÔÕÒÅ 0ÅÒÃÅÎÔÁÇÅ
&ÒÅÓÈ 7ÅÉÇÈÔ$ÒÙ 7ÅÉÇÈÔ

&ÒÅÓÈ 7ÅÉÇÈÔ
Ø ρππ 

× Growth Index: Growth index of callus was calculated by the following formula:-  

'ÒÏ×ÔÈ )ÎÄÅØ
7ÅÉÇÈÔ 

6ÏÌÕÍÅ
Ø ρππ 

× Determination of Total Proteins [2], Reducing, Non-reducing and Total sugar [8], Proline 

content [1] and  Total Phenolic content [9] was carried out by standard methods mentioned in 

parentheses. 
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× Extraction Procedure for Asiaticoside and its estimation: Each of the dried 1.0 g samples was 

dried and soxhlet extracted in Methanol for 24 hours. Each of the Methanol extracts of various test 

samples was separately dried in vacuo [4]and taken up in methanol for further analysis of 

Asiaticoside estimation. Further quantitative estimation was done by HPLC. (Kind courtesy of 

Natural Remedies Private Ltd., Bangalore). 

 

Every estimation was done in three extractions done in triplicates and subjected to statistical analysis in terms of 

mean and standard deviation for testing significance of data. 

RESULTS AND DISCUSSION: 

As explants, leaves were selected for callus initiation because of the superiority of callus from the same, over 

callus obtained from petioles. Callus growth index was best in medium supplemented with combinations of 

auxins and cytokinins, instead of when they were used alone. BAP (2.0mg/l)+ NAA (0.1mg/l) supplementation 

to MS medium using 7 days old leaves as explant produced superior callus in C.asiatica, that was used for 

further studies. 

Callus Growth index under 50 to 100 mM salt and 0.5 to 2.0 mg/l concentrations of various Auxin (Fig.1-a,b,c), 

Cytokinins (Fig.2-a,b) and their combinations (Auxin+ Cytokinin) supplemented media (Fig.3) 
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Fig-1(a) Effect of NAA and Salt on         

four weeks old callus of C. asiatica 
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Fig-1 (b) Effect of 2,4-D and Salt on         

four weeks old callus of C. asiatica 
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High protein content in callus of C.asiatica indicates its good nutritional value that is much higher than 60 days 

old leaves grown in vivo. Callus is able to maintain good growth index even in salt treatment by accumulating 

Osmoprotectants as proline as well as phenolics in it as shown in Table- 1. With Salt stress Proline content 

significantly increased in callus in comparison to control (DW). Phenolic content also significantly increased 

with salinity stress as well as in colchicines treated callus. This indicates that callus has significant antioxidant 

activity which contributes towards its medicinal and nutritional value for human beings, yet not as good as 

found in in vivo grown 60 days old leaves. Dietary antioxidant supplementation is a promising mean to 

strengthen the antioxidant defense and repair systems [5]. However, antioxidants from natural sources are of 
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Fig-1 (c) Effect of IAA and Salt on         

four weeks old callus of C. asiatica 
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Fig-2 (a) Effect of BAP and Salt on         

four weeks old callus of C. asiatica 
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Fig-2 (b) Effect of Kinetin and Salt on         
four weeks old callus of C. asiatica 
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Fig-3 Effect of Kinetin and Salt on         

four weeks old callus of C. asiatica 
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great value as most commonly used synthetic antioxidants (e.g. butylatedhydoxyanisole, 

butylatedhydoxytoluene and propylgallate) have health hazardous side effects like liver damage and 

carcinogenesis. Several reasons may explain the differences in concentration of bioactive compounds; genetic 

diversity, environmental conditions, and nutrients present in the soil/culture medium may alter the metabolic 

activity of plants [7].  Alternatively, climatic conditions and bioavailability of nutrients, may alter the growth 

rate of explants, and thereby plant metabolic activity. 

Table:1 

S. 

No.  Media for 

growth 

Proline (mg 

Proline/ g f wt) 

Phenolics ( mg trans 

cinnamic acid eq g/ f 

wt) 

Protein (mg 

casein eq /g fwt) 

1.  2BAP+0.1NAA 

(DW) 

0.017 1.17 20.98 

2.  2BAP+0.1NAA 

(50Mm) 0.036 1.466 21.46 

3.  2BAP+0.1NAA 

(75mM) 0.026 1.254 9.19 

4.  2BAP+0.1NAA 

(100mM) 0.025 0.868 12.96 

5.  0.4% 

Colchicines 

treated callus 

0.007 1.31 10.49 

6.  Soil grown 60 

days old leaves 0.004 4.64 16.36 

 

With increasing salt stress callus accumulated osmoprotectants (Table -2) that is apparent in the form 

of Total sugar content accumulated in callus. Non reducing Sugars also accumulated in callus in 100mM NaCl 

treatment in comparison to control that signifies increased level of triterpenoid saponins that are responsible for 

medicinal properties of C. asiatica plant. This fact is confirmed by the Asiaticoside content measured by HPLC, 

where 100mM NaCl treated callus accumulated, yet remained lower in comparison to in vivo grown 60 days old 

leaves. In comparison to salt treated calli, Colchicine treatment of callus for Asiaticoside content proved to be 

beneficial as it showed accumulation of sugars as well as asiaticoside content equitable with soil grown 60 days 

old leaves (in vivo). This may be due to the stress experienced by the callus and tolerance response exhibited. 

Climatic conditions, bioavailability of nutrients, may alter the growth rate of explants, and thereby plant 

metabolic activity [3]. 

 

Table-2 

 

S.No. 

 Media used  

TS                  RS             NRS 

(mg glucose eq g/ dw ± SD) 

Asiaticoside % 
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1 2BAP+0.1NAA (DW) treated callus 0.19 0.155 0.035 0.0045 

2 2BAP+0.1NAA (50Mm) treated callus 0.144 0.122 0.022  - 

3 2BAP+0.1NAA (75mM) treated callus 0.154 0.131 0.023 - 

 2BAP+0.1NAA (100mM) treated callus 0.237 0.186 0.051 0.07 

4 0.4% Colchicines treated callus 2.05 1.114 0.91 0.107 

5 Soil grown 60 days old leaves (in vivo) 0.837 0.031 0.806 0.118 

 

CONCLUSION:  

Thus, it can be stated that research on plants have been enthralled throughout the world to emblematize the 

tremendous potential of medicinal plants in recent years. Due to its wide prospects and potential, its demand has 

led to a quantum increase which plays a vital role in alleviating human sufferings due to lesser side effects, easy 

availability at affordable cost and being non-narcotic. Sometimes, it is the only source of health care available to 

the poor. C. asiatica  L. (Urb.) is one such medicinally important herb with well known biological activities in 

terms of immunomodulatory, memory enhancer, antidepressant, etc., proved by clinical studies. Thus, present in 

vitro studies of C. asiatica provide a promising strategy to conserve the green cover of Mandookparni, without 

overexploiting it and providing callus with medicinal, antioxidant activity, nutritional value as good as given by 

soil grown 60 days old leaves. However, further research on C. asiatica must be explicit in terms of exploring 

its immense potential as nutraceutical. In addition to this, studies should be premeditated regarding the 

investigation of underutilized green leafy vegetables, substantial to permeate nutritional ailments. 
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Human activity and industrialization leads to the environment filled with different kinds of pollutants. Air is 

filled with cabonmonooxide (CO), Cholofluorocarbons (CFC), heavy metals (lead, arsenic, chromium, 

cadmium, mercury, zinc), hydrocarbons, nitrogen oxide, sulphur oxide and particulates. Water pollution is 

caused by numerous factors including sewage, oils spills, leaking of fertilizers, herbicides and pesticides from 

land etc. Contaminants are most often measured in parts per million (ppm) or parts per billion (ppb) and their 

toxicity defined by a ótoxic levelô. The toxic level for arsenic, for instance is 10 ppm in soil whereas for mercury 

is 0.002 ppm in water. Therefore, very low concentrations of a specific contaminant can be toxic. There is need 

for technologies are capable of monitoring recognizing and ideally treating such small amount of contaminants 

in air, water and soil. Environmental nanotechnology is considered to play a key role in the shaping of current 

environmental engineering and science. The nanotechnological applications and products can lead to a cleaner 

and healthier environment [1]. Maintaining and re-improving the quality of water, air and soil, so that the Earth 

will be able to support human and other life sustainably, are one of the great challenges of our time. 

Nanotechnology can play a vital role in providing clean air, water and soil in an efficient and cheap way [2]. 

Nanoscience allows designing and manipulating materials at the atomic and molecular level. 

Nanomaterials can be fabricated with specific properties that can recognize a particular pollutant within a 

mixture. The small size of nonmaterials together with their high surface to volume ratio can lead to very 

sensitive detection. These properties will allow developing highly miniaturize, accurate and sensitive pollution-

monitoring devices (ónano-sensorsô). Nanomaterials can also be engineered to actively interact with a pollutant 

and decompose it in less toxic species. Thus, in the future nanotechnology could be used not only for detecting 

contaminated sites but also treating them. 

 

POLLUTION DETECTION AND SENSING  

Fortification of the human health and protection of the environment requires the rapid, sensitive 

detection of pollutants and pathogens with molecular precision. Sensors are needed for in situ detection, as 

miniaturized portable devices, and as remote sensors, for the real-time monitoring of large areas in the field. A 

sensor is a device built to detect a specific biological or chemical compound, usually producing a digital 

electronic signal upon detection. Sensors are now used for the identification of toxic chemical compounds at 

ultra low levels (ppm and ppb) in industrial products, chemical substances, water, air and soil samples, or in 

biological systems. Nanotechnology can improve current sensing technology in various ways. First, by using 

nanomaterials with specific chemical and biological properties, the sensor selectivity can be improved, thus 

allowing isolating a specific chemical or biological compound with little interference. Hence, the accuracy of 

the sensors is improved. As with other nano-engineered products discussed in this document, the high surface-

to-volume ratio of nanomaterials increases the surface area available for detection, which in turn has a positive 

effect on the limit of detection of the sensor, therefore improving the sensitivity of the device. Scaling down 
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using nanomaterials allows packing more detection sites in the same device, thus allowing the detection of 

multiple  analytes. This scaling-down capability, together with the high specificity of the detection sites 

obtainable using nanotechnology, will allow the fabrication of super-small ómultiplexô sensors, this way 

lowering the cost of the analysis and reduce the number of devices needed to perform the analysis with an 

economic benefit. Advancements in the field of nanoelectronics will also allow the fabrication of nanosensors 

capable of continuous, real time monitoring [3]. 

Various nanostructured materials have been explored for their use in sensors for the detection of 

different compounds [4]. An example is silver nanoparticle array membranes that can be used as flow-through 

Raman scattering sensors for water quality monitoring [5]. The particular properties of carbon nanotubes 

(CNTs) make them very attractive for the fabrication of nanoscale chemical sensors and especially for 

electrochemical sensors [6-9]. A majority of sensors described so far use CNTs as a building block. Upon 

exposure to gases such as NO2, NH3 or O3, the electrical resistance of CNTs changes dramatically, induced by 

charge transfer with the gas molecules or due to physical adsorption [10, 11]. The possibility of a bottom-up 

approach makes the fabrication compatible with silicon microfabrication processes. The sensor is made of an 

array of electrode pairs fabricated on a silicon chip and separated by few nanometres. When the electrodes are 

exposed to a solution of water containing metal ions, these deposit inside the nano-gap in between the 

electrodes. Once the deposited metal bridges the gap a ójumpô in conductance between the electrodes is 

registered. The size of the gap, being only few nanometres, allows the detection of a very low concentration of 

metal ions. This type of sensor is called ónanocontact sensorô. [12]. The connection of CNTs with enzymes 

establishes a fast electron transfer from the active site of the enzyme through the CNT to an electrode, in many 

cases enhancing the electrochemical activity of the biomolecules [8]. In order to take advantage of the properties 

of CNTs, they need to be properly functionalized and immobilized. CNT sensors have been developed for 

glucose, ethanol, sulfide and sequence-specific DNA analysis [8]. Trace analysis of organic compounds, e.g. for 

the drug fluphenazine, has also been reported [13]. Nanoimmunomagnetic labeling using magnetic nanoparticles 

coated with antibodies specific to a target bacterium have been shown to be useful for the rapid detection of 

bacteria in complex matrices [14]. Materials that are more environment-friendly fabricated using 

nanotechnology include biodegradable elf-cleaning glasses, such as ActivÊ Glass [15], the glass is composed 

of a special coating made of nanocrystals of TiO2 which, once exposed to daylight, reacts in two ways. First, it 

breaks down any organic dirt deposits on the glass and second, when exposed to water, it allows rain to 'sheet' 

down the glass easily and washes the loosened dirt away. 

 

NANOCATALSIS  

A catalyst is a substance that increases a chemical reaction rate without being consumed or chemically 

altered. One of the most important properties of a catalyst is its óactive surfaceô where the reaction takes place. 

The óactive surfaceô increases when the size of the catalysts is decreased . The higher is the catalysts active 

surface, the greater is the reaction efficiency. Also, research has shown that the spatial organization of the active 

sites in a catalyst is important as well [16]. Both properties (nanoparticle size and molecular 

structure/distribution) can be controlled using nanotechnology. In the environmental field, nanocatalysis is being 

investigated for desulphurizing fuels, with the aim of developing ócleanô fuels containing very low sulphur 

products (produced in the fuel during its refining process and responsible for generating sulphuric acid upon fuel 
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combustion). 

Another area where nanotechnology is making a contribution is the development of fertilizers  and 

wood treatment products that are more stable and leach less into the environment. For instance, researchers at 

the Michigan State University have incorporated biocides for wood treatment inside polymeric nanoparticles. 

Their small size allows them to efficiently travel inside the very fine, sieve-like structure of wood. At the same 

time, the biocide, being safely trapped inside a ónanoshellô, is protected from leach and random degradative 

processes [17]. 

 

GREEN MANUFACTURING  

Manufacturing processes are always accompanied by the production of diverse waste products, many 

of which pose a threat to the environment and thus need to be removed and treated. Green manufacturing 

includes the development of new chemical and industrial procedures (for instance water-based rather the 

solvent-based processes); reduction in the use of unsafe compounds (such as metals); development of ógreenô 

chemicals that are more environment-compatible; and efficient use of energy. In terms of its application to the 

reduction of manufacturing waste, nanotechnology can contribute in two ways: by directing the manufacturing 

to be more controlled and efficient, and by using nanomaterials (such as catalysts) that can raise the 

manufacturing efficiency while reducing or eliminating the use of toxic materials. Overall, nanotechnology has 

the potential of making industrial processes more efficient in terms of energy usage and material usage, while 

minimizing the production of toxic wastes. The application of ógreen nanotechnology [18] to manufacturing 

includes bottom-up, atomic-level synthesis for developing improved catalysts; inserting information into 

molecules to build new materials (such as DNA) through highly specific synthetic routes; scaling down material 

usage during chemical reaction by using nanoscale reactors; and improving manufacturing to require less energy 

and less toxic materials. 

An example of ógreen nanotechnologyô is the development of aqueous-based microemulsions to be 

used in alternative to volatile organic compounds (VOCs) in the cleaning industry. These toxic and potentially 

carcinogenic compounds, such as chloroform, hexane, percholoroethylene, are conventionally used in the 

cleaning industry (like the textile industry) as well as in the oil extraction industry. Microemulsions contain 

nano-sized aggregates that can be used as óreceptorsô for extracting specific molecules at a nanoscale level. 

Other example is microemulsions having water-attractive and water-repellent ñlinkersò inserted between the 

head and tail parts of a surfactant molecule [19]. The result is a surfactant that has a very low interfacial tension 

with a wide range of oils. When tested for cleaning textiles from motor oil residues, as well as for extracting 

edible oil from oilseeds, the microemulsions were found to be very competitive with conventionally used VOCs, 

both in terms of extraction yield and simplicity of the process. 

Nanowires of semiconductors such as silicon has established knowledge for the chemical modification 

of their surface. Boron-doped silicon nanowires (SiNWs) have been used for the sensitive real-time electrical 

detection of proteins, antibodies the metabolic indicator calcium[20, 21] and glucose in water [22]. The small 

size and the capability of these semiconductor nanowires to detect in real-time a wide range of analytes could be 

used for developing sensors for detecting pathogens, chemical and biological agents in water, air and food. 

Nanotechnologyôs potential and promise have steadily been growing throughout the years. The world is 

quickly accepting and adapting to this new addition to the scientific toolbox. Although there are many obstacles 
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to overcome in implementing this technology for pollution control, science is constantly refining, developing, 

and making breakthroughs. 
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ABSTRACT 

 

Mostly Gemini viruses have been characterized by symptomatology and host range tests,reliance on symptoms 

only; may impede diagnosis, as symptoms are affected by several variables such as virus strain, the growth stage 

of the plant at the time of infection, the plant cultivar and environment conditions.The particles of gemini 

viruses occur in plants in only low to moderate concentrations, which can be inadequate for detection by the 

conventional serological tests but are adequate for some of the newer, more sensitive methods like polymerase 

chain reaction (PCR).DNA probes can be valuable especially those derived from the DNA-2 of bipartite 

genomes they are used to detect virus in homologous sequences.PCR is especially useful for detecting gemini 

viruses, because of its sensitivity to the viral template in low titers. In addition, taxonomically informative 

domains may be amplified by PCR. Annealing temperature, type and concentration of PCR additives and MgCl2 

concentration were first adjusted to improve sensitivity and reproducibility. DNA concentration required for 

amplification was assessed by detection of the initial and end points of dilution and the intensity of the amplified 

bands. 

KEYWORDS- Geminivirus, degenerate primer, PCR, DNA dilutions. 

INTRODUCTION  

 Historically, Gemini viruses have been characterized by symptomatology and host range tests. A 

reliance on symptom development may impede diagnosis, as symptoms are affected by several variables such as 

virus strain, the growth stage of the plant at the time of infection, the plant cultivar and environment conditions 

[1]. In general, the particles of gemini viruses occur in plants in only low to moderate concentrations, which can 

be inadequate for detection by the conventional serological tests but are adequate for some of the newer, more 

sensitive methods for e.g. Immunosorbent electron microscopy is possible, although it is not straight forward 

because the virus particles are disrupted or damaged in some buffers and they show relatively poor contrast in 

most electron dense strains. DNA probes can be valuable especially those derived from the DNA-2 of bipartite 

genomes they are used to detect virus in homologous sequences [2]. Among several diagnostic tools available, 

the polymerase chain reaction (PCR) using degenerate primers has been the most useful for the detection of 

Gemini viruses. PCR is especially useful for detecting Gemini viruses, because of its sensitivity to the viral 

template in low titers. In addition, taxonomically informative domains may be amplified by PCR and used in 

identification and phylogenetic studies [3-4]. 

MATERIALS & METHOD S 

      Experimental Strategies for PCR - 

 The isolation of DNA from plant is often a limiting factor; this is because of the special nature of plant 

tissue and cells. A tough cell-wall, abundant secondary metabolites, presence of several classes of chemical 

compounds with varying properties are the feature unique to plant cells and these have led to the development of 

several plant specific DNA isolation procedures. Once the DNA is isolated it can be subjected to PCR analysis. 
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The PCR in general is a technique requiring several rigorous conditions. Thus the experimental strategy for 

carrying out studies in case of plants using PCR-based approach is mainly influenced by the PCR-conditions. 

 As a technique, though PCR is simple, it is also influenced by a number of factors, these include. 

(i) Commercial and biological source and quality of the thermostable polymerase. 

(ii)  Length and base composition of the primers. 

(iii)  Concentration of the template and primer. 

(iv) Concentration of Mg
++

ions. 

(v) Presence or absence of K
+
 ions. 

(vi) Stringency of Primer annealing conditions. 

(vii)  Thermocycler parameters such as ramping and its duration. 

(viii)  Cycle parameters such as number and duration of cycles. 

(ix) Cleanliness of work, especially the presence or absence of other contaminating DNAs. 

Several workers have described the role of above parameters and have also detailed the optimization of 

the experimental protocols [5-6]. 

After the PCR has been carried out, the amplification product can be analysed by gel electrophoresis on 

1.4% agarose gel stained with ethidium bromide and visualized by UV lamp. The patterns of bands revealed are 

used for comparison amongst healthy and diseased plants. This technology is proving to be invaluable in 

pathogen analysis, especially in case of viruses. This technology is being used for detection of pathogens present 

in low concentration. 

Reaction setup for PCR amplification 

× DNA isolated was checked on 0.8% agarose get by electrophoresis for quality and yield. 

× Isolated DNA was given  RNAase treatment to remove RNA by treating it with RNAase (100mg/ml 

stock - Solution of which 2ml was used in 5ml of DNA) at 37
0
C for 1 hour. 

× Yield was again checked on 0.8% agarose by electrophoresis. 

× Optimization of the PCR amplification was done in order to maximize sensitively and reproducibility 

of detection of virus templates in DNA from symptomatic leaves using degenerate primers. 

Annealing temperature, type and concentration of PCR additives and concentration of PCR additives 

and MgCl2 concentration were first adjusted to improve sensitivity and reproducibility sensitivity was 

assessed by detection of the initial and end points of dilution and the intensity of the amplified bands. 

 

Table-1: Detection of initial and end points of dilution and respective amplified band intensity 

 

Replicates Dilutions 

30ng 20ng 10ng 5ng 

1 +++ ++ + - 

2 ++++ ++ + - 

3 +++ +++ + - 

4 +++ ++ + - 

 

      ++++ - Very intense amplified band 
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        +++ - Intense amplified band 

          ++ - Visible amplified band 

            +  - Barely visible band 

When DNA was used at concentration above 30ng/ml, shearing in bands were seen. 

 From this table it is evident that 30ng/ml of DNA is most suitable for the PCR so we used 30ng/ml concentration 

of DNA for PCR. 

 DNA was diluted to get 30ng/ml of concentration and following PCR reaction was set. 

  dNTPs     - 1.0ml  

  Taq DNA Polymerase   - 0.5ml  

  10X Buffer    - 2.5ml  

  Primer A (Forward)   - 1.0ml (~ 25ng/ml) 

  Primer B (Reverse)   - 1.0ml (~ 25ng/ml) 

  DNA from diseased and healthy leaf - 1.0 ml  

 The rest of the volume (18ml) was made up by water up to 25ml. 

 This reaction mixture was put in DNA engine (PCR machine) for the following cycles. 

   94
0
C - 5 Minute  

   94
0
C - 1 Minute 

   52
0
C - 1 Minute 

   72
0
C - 1 Minute 

   72
0
C - 5 Minute  

   4
0
C - for ever 

When reaction cycle is completed then amplified product was checked in 1.2% agarose gel by taking 10ml of 

PCR product with 2ml of dye, bromophenol blue. 

ü This PCR product is run along the marker l-DNA ECQRI and Hind-III double digest to determine 

the size or base pairs of bands. 

ü For control, DNA from the healthy leaf is also given the same reaction mixture for PCR 

amplification and run on the same gel. 

ü The PCR amplification product were resolved in 1.2% agarose gel stained with ethidium bromide 

and screened on UV transilluminator Gel  documentation system for analysis was used to take 

photograph of gel for analysis. 

Degenerate primer pairs [7] is used for DNA amplification. The two degenerate oligonucleotide primers 

had the following sequences. 

Primer  PA - 5' TAA TAT TAC CGG AGG AGG CCC CC3' 

  PB - 5' TGG ACC TAA CAA GGG CCT TCA CA 3' 

       These degenerate primers permit detection of sub-group-III Gemini viruses by annealing to sequences that 

flank the conserved core region of the coat protein gene, yielding a diagnostic about 565bp virus fragment [8]. 

This means primer will bind to the DNA of virus only and amplification of that particular DNA will be done by 

PCR. 

35 times One Cycle 
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        Plate-I of gel shows marker in first and last lane. Second and third lane represents control plant. Fourth, 

fifth and sixth lane contain amplification product of diseased leaf. As it is evident from the photograph of gel 

that the lane containing amplification product of diseased plant are showing a specific band of about 500 bp, no 

such band is seen in control lane making it clear that the virus under study belongs to family Gemini viridae and 

subgroup-III genus begomovirus species cowpea golden mosaic virus. 

 

 

Figure: 1 First and last lane- Molecular weight markers, second and third lane- control plants, fourth fifth and 

sixth row- diseased plant with 500bp band.  

DISCUSSION :  

For identification of gemini viruses, serology has never been a preferred tool for the simple reason that 

the particles are difficult to purify, making it hard to produce good antisera. On the other hand begomo virus is 

the close serological relationship due to conservation in coat protein gene [9], as a result polyclonal antibody 

raised against one begomovirus could detect all the begomoviruses in double antibody sandwich ELISH or 

ISEM. 

Because of the difficulty in purifying begomoviruses virion particles, nucleic acid based approaches 

like PCR are being widely preferred for the diagnosis. Advent of PCR technique revolutionized research on 

begomoviruses. Full length genome or specific regions in the viral genome are amplified with degenerate 

primers or specific primers. 

Diagnostic PCR should fulfill several qualitative characteristics, of which the most important are 

specificity, sensitivity, efficiency and reproducibility. Designed degenerate primers flank the 5' terminal region 

of the coat protein gene to specifically detect begomoviruses and when tested with degenerate primers it showed 

the specific band in the diseased plant DNA corresponding to the coat protein gene of begomovirus confirming 

the presence of begomovirus in diseased plants. 
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ABSTRACT 

The importance for science and technology for rural India was appreciated by eminent leaders and scientists in 

1930s giving rise to the centre for science for villages and advanced institutions for education. However post 

independence steps were biased towards urban areas and science & technology turned their attention for rural 

areas about 40 years later in 1970s. The most well known step was from Indian Institute of Sciences by its 

program for the application of science and technology to rural areas also called by its acronym ñASTRAò. 

Present scenario poses promising future of S&T in rural areas with many governmental and nongovernmental 

organizations participating in process of its development. Ministry of human resource development has started 

Rashtriya Avishkar Abhiyan that works in conduit with Sarva Shiksha abhiyan, Madhyamik Shiksha Abhiyan 

and also promotes study of S&T in higher education among rural children. Likelihood for science education can 

be fostered among rural Indians by making it affordable, technologically assisted, developing rural 

infrastructure, and creating awareness through rigorous campaigns and fairs. Our present National Education 

Policy shall be revised for promotion of science and innovations in India. 

KEYWORDS  - S&T, infrastructure, ASTRA, biomethanation, biogasification, STEM. 

INTRODUCTION  

Many pioneer leaders like Bal Gangadhar Tilak, Raja Ram Mohan Roy, Swami Dyanand Saraswati along with 

eminent Indian scientists like J.C. Bose, P.C. Roy and C.V. Raman realized the need of acquaintances with 

science and technology (S&T) for common Indians including rural people. They envisioned the importance of 

science aptitude among people for nation building. But post independence era had an upthrust for industrial 

development and ideas of mainstream scientific and technological development were marginalized. Research 

and development got a mention in Indian budgets, though R&D budget in1957-58 was mere 18.81 crores. Indian 

economy is an agro economy with rural areas as its main centers and therefore it is indispensible to promote 

science education in rural areas and harnessing S&T for them. Problems of lack of easy access, lack of interest, 

common curricula, gender differentiation, and most important lack of infrastructure in rural areas is holding 

back promotion of S&T. New & better government policies shall be formulated for rural areas. Yet public 

private partnership is paving way for better rural India and now we see rural areas that are tech-savvy and have 

more acceptances for science and innovations. 

POST INDEPENDENCE S &T IN RURAL AREAS  

The post independence establishment was preeminently dominated by scientists and engineers who returned 

from Europe and North America and they were prolifically influenced by their studies and sojourns abroad. 

They were more open to industrialization and technology and at that time demand of Indian industry and 

government were the determining force for development. There can be meticulous mention of post 
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independence growth of S&T in India as the R&D budget increased; a number of science and technology 

institutions like DRDO, IARI, ISRO etc. established; an enormous increase in technically trained personnel; 

international collaboration for S&T was also achieved.  

 Rural areas faced biased attitude- By and large all scientific development shifted to urban needs and rural areas 

were unnoticed. Conclusions for such polar development of S&T can be drawn from anti rural bias in- 

ü R&D expenditure 

ü Establishment of institutions 

ü Distribution of technical personnel 

ü Development of infrastructure 

ü Government policies and future plans  

 Even five years plans of India addressed primary education, health facilities, sanitation, agriculture and 

irrigation in these areas and to add setbacks to these initiatives many of five year plans collapsed due to natural 

and political upheaval in the country. So there was no major breakthrough in creating scientific awareness and 

harnessing S&T for rural people. Later in 1970ôs when Indian institute of sciences presented a program called 

ASTRA for use of S&T for rural people, there arose hopes of creating scientific aptitude among rural Indians 

[1]. ASTRA ï an institutional experiment was against above mentioned backdrops that there arose a need to 

reorient Indian science and technology towards need for rural India. In 1970 Indian Institute of Sciences 

Bangalore made a presentation and translated it into a program called ñApplication of Science and Technology 

to Rural Areasò, also called by its acronym ñASTRAò. The ASTRA institutional experiment was based on a 

model of technology & rural society interactions. The rural studies of energy, building, water, health etc. carried 

out by ASTRA provided an important step for technology development. ASTRA is now known as Center for 

Sustainable Energy (CST). Energy efficient wood burning devices, biomethanation, biogasification, green 

building, bioenergy and climate change studies are few examples of fruitful interventions of ASTRA [1]. 

 CAPART (Council for Advancement of Peopleôs Action and Rural Technology), an autonomous body 

registered in 1986 under aegis of Ministry of Rural Development is envisioned to play dynamic role to 

strengthen the voluntary movement in the country and facilitate the promotion of innovative rural technology[2]. 

Several other steps to promote science education among rural people were adopted but yet rural infrastructure 

was poor and incapable to support S&T for rural Indians. 

PRESENT SCENARIO FOR S&T IN RURAL AREAS  

STEM refers to the academic disciplines of science, technology, engineering and mathematics. The term is 

typically used when addressing education policy and curriculum choices in schools to improve competitiveness 

in science and technology development. STEM crisis has implications for work force development, national 

security concerns, immigration policy and S&T development in a country. Some educationist, technocrats, 

academicians, scientists and economists believe there exist a STEM crisis in India while others do not agree to 

it. But if we see analytical and statistical details we find STEM crisis does occur in rural India.  Annual reports 

and surveys may be seen as an effort towards strengthening the S&T statistical network within our country. A 

survey by NCAER (National Council of Applied Economic Research) reveals engineering was the favorite 



International Science Congress Association 

www.isca.in , www.isca.co.in , www.isca.net.co , www.isca.net.in 

53 
 

subject chosen by maximum number of students (22%) as the one in which they will like to complete higher 

education, medicine was next (18%) and pure sciences was marginally low [3]. FIG. 1  

 An another NCAER survey found that a fourth of those in rural areas said they would like to complete their 

higher education in arts as compared to 15% in urban areas. Since curiosity is basic nature of human, rural 

attention and interest towards S&T can be easily nurtured. It is believed that development of rural infrastructure 

and more awareness for S&T will help in socio-economic as well as technological development of rural areas. 

Moreover the agro economy of India works with agriculture and the rural people, who constitute more than 70% 

of our total population, still plays a front role. Today farmers use S&T for agriculture; some of these 

techniques/technologies included the use of manure/fertilizers, the use of water harvesting or green manuring 

[3]. FIG. 2.  Facilities like 24 hours satellite channel and phone helplines along with internet services are 

working for farmers and these prove highly beneficial to them. With such instances of S&T use by rural people 

the spread of mainstream science education may also be imagined.  

 Other silent reforms to enhance associations between rural society and S&T are underway. Recently Planning 

Commission of India was discarded and a new institution called NITI Aayog was established. NITI Aayog shall 

provide a critical directional and strategic input into developmental processes. It will work by providing better 

inter ministry and center-state coordination. It will develop mechanisms to formulate credible plans to the 

village levels and aggregate these progressively at higher levels. These plans include the rural areas.  

 In 2015 Ministry of Human Resource Development set up Rashtriya Avishkar abhiyan (RAA) to nurture a 

spirit of enquiry and creativity, love for science and mathematics and effective use of technology among 

children. RAA will span across MHRDôs schematic interventions of Sarva Shiksha Abhiyan, Rashtryia 

Madhyamik Shiksha Abhiyan in Department of School Education and Literacy and programs of Department of 

Higher Education to encourage science, mathematics and technology. Institutes like ICAR, CSIR, DBT, CPRI 

etc. have established their local institutes in many towns of India. Many private medical and engineering 

institutes are established in rural areas due to low cost of settlement in these areas.  NGOs like Pratham are 

working on direct instruction model for creating aptitude for science and math education among rural children. 

Aser-A nongovernmental survey reveals improvement in science and math learning through education camps 

[4].  FIG. 3. Agastya International Foundation works for developing science aptitude among rural children. They 

foster mobile labs, conduct science fairs, establish science centers in rural areas and run programs targeting drop 

out students and communities. Azim premji Foundation helping 2 million students across 16000 students from 

14 states, Vidya gyan foundation and Samudaya are few other to mention.  

CONCLUSIONS 

Today the socio-economic conditions of India present an environment where rural India may S&T developed. 

Efforts to create their access to resources and a better infrastructure with proper facilities of electricity and water 

etc. shall be structured. Since technology prompts interest among rural student, E-learning may be a correct way 

for it. Results presented in surveys and reports will essentially be an important input for entire scientific 

community and policy makers to set achievable goals and work out action plans towards S&T development in 

rural areas. Since 1986 social, economic and scientific atmosphere of India has changed drastically, so our 
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education policy needs to be reviewed.  A National Education Policy shall be formulated that work on soul 

motto of science and innovations and consider every child as an integral part of our nation building. This may 

fulfill Indian aspirations of being a developed economy someday. Promotion and development of S&T in India 

with special emphasis on rural areas may help on the path of national development.  
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FIG. 3- Special learning camps in U.P. - Math progress-The percentage of children that can recognize 2-3 digit 

numbers has increased by 69% in 10 day model. Source: A Non Governmental Survey by Pratham Education 

Foundation. 
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Abstract 

A large network of distilleries has been established in India which have been recognized as one of the 

most polluting agro-based industries, generating huge quantities of distillery effluent. The present study was 

conducted to observe the impact of different concentrations i.e. 0.5,1.0,2.0,5,10,25,35,45 and 55%  of different 

distillery effluents i.e. raw spent wash (RSW), biomethanated spent wash (BSW) and lagoon sludge (LS) 

collected from Shamli distillery and chemical works, Shamli, District-Shamli) on Mustard (Brassica campestris) 

cv. PAC-401. Distillery effluents (RSW, BSW and LS) considerably affected all the growth parameters in 

treated plants. Growth parameters improves up to 5% concentrations of RSW and up to 10% concentrations of 

BSW and LS, while above these concentrations growth is significantly reduced. The improvement or reduction 

in different biochemical content was observed according to the concentrations of effluents. The chlorophyll a 

and b, carotenoids and oil contents of plants were increased initially upto 5% concentrations of RSW and upto 

10% concentrations of BSW and LS effluents. Higher concentrations (>5% of RSW and >10% of BSW and LS) 

of distillery effluents were detrimental to all the treated crop plants. 

Keywords : Distillery effluent, Raw spent wash, Biomethanated spent wash, Lagoon sludge, Germination, 

Growth, Mustard.  

Introduction  

During the last two decades, India has emerged as the largest sugar producer in the world. The sugar 

factories after extraction of crystalline sugar from cane juice, sell the molasses to distilleries, where it is 

converted into alcohol by yeast fermentation. The raw spent wash coming out as a result of fermentation process 

from the distilleries is almost 100 times more concentrated as compared to sewage with regards to its pollutional 

characteristics. Uttar Pradesh is the highest sugar producing state in India and therefore, here about 126 sugar 

factories and 61 distilleries are established in public as well as private sector mainly in western Uttar Pradesh. 

Most of these distilleries are highly polluting units. The effluents of almost all of these units are discharged 

either directly into water bodies or nearby rivers through drains. Some distilleries discharge their effluents into 

the adjoining crop areas and farmers use this effluent directly for irrigation. Therefore, in the present study, an 

attempt has been made to assess the effects of different concentrations (0.5,1.0,2.0,5,10,25,35,45 and 55%) of 

distillery effluents i.e. raw spent wash (RSW), biomethanated spent wash (BSW) and lagoon sludge (LS) 

irrigation on three important oil yielding crop plants grown in this locality viz. Mustard (Brassica campestris) 

cv. PAC-401. 

Materials and Methods 
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The main object of the present investigation is to study the effects of different distillery effluents 

(RSW, BSW and LS) irrigation at different concentrations on various aspects of Mustard (Brassica campestris) 

cv. PAC-401. All three pure effluents of distillery were diluted with tap water to get 0.5%, 1.0%, 2.0%, 5%, 

10%, 25%, 35%, 45%, and 55% concentrations. The tap water was used as control. The soil of research plots or 

pots was irrigated with different concentrations of effluent (RSW, BSW and LS) on alternate days or according 

to the requirement of the crop. For seed germination studies, healthy seeds were selected for uniformity (criteria 

being the size and colour of seeds) and were surface sterilized with 0.1% mercuric chloride for two minutes and 

thoroughly washed with distilled water. Plants grown in research plots were taken out and rinsed their roots 

repeatedly with unionized water to eliminate undesirable nutrients from the root surface. Excess of moisture, 

thus created, was wiped out with the help of clean blotting paper and absorbent towels. Ordinary scale was used 

to measure the length of root and shoot in centimeters. For phytomass determination (g dw/plant), different plant 

parts were separated and oven dried at 80
0
C for 24 hours or until a constant weight was achieved. Dry weight of 

different plant parts were added to get the phytomass of each plant. Chlorophyll, carotenoid and oil content 

calculated using several deeds [1, 3 & 4]. 

Result and Discussion 

A slight increase in germination percentage was recorded upto 5% concentration of RSW and 10% 

concentration of BSW and LS. 100% seed germination occurred at above concentrations of RSW, BSW and LS 

in Brassica campestris cv. PAC-401. Reduction in seed germination percentage was 42.42, 37.37 and 34.34 

percent under 55% concentration of RSW, BSW and LS respectively. The speed of germination index increased 

upto 10.35 percent in 5% RSW concentration and 15.26 and 12.80 percent in 10% BSW and LS concentration 

treatments respectively, The reduction percentage was 20.00, 16.84 and 15.61 percent under 55% of RSW, BSW 

and LS concentration [7,8]. 

Table 1 :  Effect of different concentrations of distillery effluents on seed germination percentage and 

speed of germination index of 8 days old seedlings of Brassica campestris cv. PAC-401. 

Parameters 

Treatments 

                                                                     RSW concentration (%) 

Contro

l 
0.5 1.0 2.0 5.0 10 25 35 45 55 

Seed 

germination 

percentage 

99 99 100 100 100 95 84 74 66 57 

Speed 

germination 

index 

570 576 591 608 629 541 520 503 478 456 

                                                     BSW concentration (%) 

Seed 

germination 
99 100 100 100 100 100 86 79 70 62 
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percentage 

Speed 

germination 

index 

570 581 597 615 636 657 542 520 503 474 

                                                  LS concentration (%) 

Seed 

germination 

percentage 

99 99 99 100 100 100 91 83 72 65 

Speed 

germination 

index 

570 573 588 605 626 643 556 529 511 481 

 

Growth parameters improves up to 5% concentrations of RSW and up to 10% concentrations of BSW 

and LS, while above these concentrations growth is significantly reduced. Results of exposure to different 

concentrations of distillery effluents on various growth parameters of both cultivars are presented in tables 2, 3 

and 4. The root length was increased upto 22.00% at 5% of RSW and 25.40 and 23.78% at 10% concentrations 

of BSW and LS treatments. The reduction percentage were 32.03, 26.05 and 24.43 percent in RSW, BSW and 

LS respectively at 55% concentration in 25 days old plants. In 50 days old plants the root length increased upto 

16.52% at 5% of RSW and 19.80 and 17.90 percent at 10% of BSW and LS treatments respectively, while 

reduction percentage were 28.58, 24.12 and 22.07 percent at 55% concentrations of RSW, BSW and LS 

treatments. In 75 days old plants similar pattern was observed. Shoot length also show the similar pattern of 

increase and decrease in 25, 50 and 75 days old plants. The biomass production (phytomass accumulation) of 

both cultivars were found to be showing similar changes as found in root and shoot length in 25, 50 and 75 days 

old plants. Decrease in total dry weight or phytomass accumulation eventually lead to decrease in net primary 

productivity (NPP) of treated plants [5,6]. 

Table 2 :  Effect of different concentrations of distillery effluents on different growth parameters of 25 

days old plants of Brassica campestris cv. PAC-401. 

Parameters 

Treatments 

RSW concentration (%) 

Control 0.5 1.0 2.0 5.0 10 25 35 45 55 

Root length (cm) 
6.18±0.

84 

6.36±0.

81
À
 

6.78±0.

77
À
 

7.11±0.

72* 

7.54±0.

79**  

5.79±0.

82
À
 

5.34±0.

74* 

5.01±0.

67* 

4.58±0.

65**  

4.20±0.

69**  

Shoot length (cm) 
9.88±0.

62 

10.27±

0.83
À
 

10.76±

0.88
À
 

11.29±

0.89* 

11.85±

0.82** 

9.19±0.

60
À
 

8.18±0.

56* 

7.76±0.

59**  

7.38±0.

73**  

7.01±0.

76**  

Biomass 

production(g) 

2.66±0.

46 

2.77±0.

52
À
 

2.90±0.

67
À
 

3.09±0.

59* 

3.26±0.

61**  

2.51±0.

45
À
 

2.36±0.

42* 

2.23±0.

38* 

2.12±0.

36**  

1.97±0.

31**  

NPP (g/plant/day) 0.106 0.110 0.116 0.123 0.130 0.100 0.094 0.089 0.084 0.078 
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 BSW concentration (%) 

Root length (cm) 6.18±0.

84 

6.42±0.

76
À
 

6.88±0.

85
À
 

7.22±0.

73* 

7.64±0.

88**  

7.75±0.

81**  

5.67±0.

75
À
 

5.24±0.

71* 

4.82±0.

67**  

4.57±0.

65**  

Shoot length (cm) 9.88±0.

62 

10.50±

0.68
À
 

10.98±

0.60
À
 

11.54±

0.67* 

12.04±

0.70** 

12.17±

0.63** 

8.62±0.

59
À
 

8.18±0.

55* 

7.76±0.

63**  

7.34±0.

54**  

Biomass 

production(g) 

2.66±0.

46 

2.79±0.

48
À
 

3.03±0.

44* 

3.19±0.

49**  

3.35±0.

52**  

3.44±0.

43**  

2.43±0.

39
À
 

2.30±0.

41* 

2.18±0.

37**  

2.05±0.

33**  

NPP (g/plant/day) 0.106 0.111 0.121 0.127 0.134 0.137 0.097 0.092 0.87 0.082 

 LS concentration (%) 

Root length (cm) 6.18±0.

84 

6.30±0.

81
À
 

6.68±0.

87
À
 

7.01±0.

76* 

7.43±0.

89**  

7.65±0.

82**  

5.80±0.

78
À
 

5.37±0.

83* 

4.94±0.

72**  

4.67±0.

76**  

Shoot length (cm) 9.88±0.

62 

10.23±

0.65
À
 

10.72±

0.60
À
 

11.22±

0.58* 

11.69±

0.64** 

12.12±

0.69** 

8.89±0.

71
À
 

8.30±0.

66* 

2.39±0.

41* 

2.27±0.

37* 

2.10±0.

35**  

Biomass 

production(g) 

2.66±0.

46 

2.73±0.

43
À
 

2.85±0.

49
À
 

3.01±0.

52* 

3.19±0.

56**  

3.30±0.

58**  

2.51±0.

44
À
 

 0.095 0.090 0.084 

NPP (g/plant/day) 0.106 0.109 0.114 0.120 0.127 0.132 0.100    

 

Values are in mean ± standard deviation. 

Significance of difference from control; P* < 0.05; P** < 0.01 and À non-significant 
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Table 3 :  Effect of different concentrations of distillery effluents on different growth parameters of 50 

days old plants of Brassica campestris cv.  PAC-401 

Parameters 

Treatments 

RSW concentration (%) 

Control 0.5 1.0 2.0 5.0 10 25 35 45 55 

Root length (cm) 
13.68±1

.44 

14.05±1

.21
À
 

14.61±1

.28
À
 

15.29±1

.42* 

15.94±1

.48** 

13.26±1

.36
À
 

12.28±1

.31* 

11.39±1

.22** 

10.56±1

.26** 

9.77±1.

09**  

Shoot length (cm) 
42.30±1

.78 

43.17±1

.65
À
 

44.88±1

.82
À
 

46.74±1

.89* 

48.11±1

.91* 

41.53±1

.56
À
 

37.65±1

.50* 

35.83±1

.43** 

34.19±1

.33** 

31.52±1

.15** 

Biomass 

production(g) 

8.56±0.

66 

8.71±0.

61
À
 

9.08±0.

65
À
 

9.46±0.

67* 

9.92±0.

71**  

8.37±0.

58
À
 

7.98±0.

53* 

7.51±0.

62**  

6.90±0.

59**  

6.32±0.

52**  

NPP (g/plant/day) 0.171 0.174 0.181 0.189 0.198 0.167 0.159 0.150 0.138 0.126 

 BSW concentration (%) 

Root length (cm) 13.68±1

.44 

14.16±1

.34
À
 

14.83±1

.38
À
 

15.58±1

.30* 

16.20±1

.26** 

16.39±1

.15** 

13.11±1

.11
À
 

12.43±1

.24* 

11.65±1

.32** 

10.38±1

.19** 

Shoot length (cm) 42.30±1

.78 

43.46±1

.81
À
 

45.50±1

.86
À
 

47.6±1.

92* 

48.91±1

.94** 

49.38±1

.26** 

41.69±1

.32
À
 

38.52±1

.39* 

36.15±1

.40** 

33.81±1

.33** 

Biomass 

production(g) 

8.56±0.

66 

8.78±0.

56
À
 

9.22±0.

63
À
 

9.68±0.

65* 

10.13±0

.69** 

10.35±0

.61** 

8.24±0.

58
À
 

7.83±0.

54* 

7.39±0.

51**  

6.75±0.

55**  

NPP (g/plant/day) 0.171 0.175 0.184 0.193 0.202 0.207 0.164 0.156 0.147 0.135 

 LS concentration (%) 

Root length (cm) 13.68±1

.44 

13.96±1

.31
À
 

14.46±1

.42
À
 

15.07±1

.39* 

15.73±1

.46** 

16.13±1

.36** 

13.19±1

.39
À
 

12.54±1

.28* 

11.81±1

.24** 

10.66±1

.29** 

Shoot length (cm) 42.30±1

.78 

43.09±1

.74
À
 

44.72±1

.81
À
 

46.51±1

.85* 

47.74±1

.69* 

48.61±1

.86** 

41.83±1

.52
À
 

39.26±1

.46* 

36.69±1

.62** 

34.53±1

.65** 

Biomass 

production(g) 

8.56±0.

66 

8.67±0.

70
À
 

896±0.7

4
À
 

9.31±0.

78* 

9.78±0.

72**  

10.19±0

.81** 

8.31±0.

68
À
 

7.97±0.

62* 

7.54±0.

58**  

6.98±0.

56**  

NPP (g/plant/day) 0.171 0.173 0.179 0.186 0.195 0.203 0.166 0.159 0.150 0.139 

 

Values are in mean ± standard deviation. 

Significance of difference from control; P* < 0.05; P** < 0.01 and À non-significant 
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Table 4 :  Effect of different concentrations of distillery effluents on different growth parameters of 75 

days old plants of Brassica campestris cv. PAC-401. 

Parameters 

Treatments 

RSW concentration (%) 

Control 0.5 1.0 2.0 5.0 10 25 35 45 55 

Root length (cm) 
16.08±1

.36 

16.29±1

.39
À
 

16.85±1

.42
À
 

17.43±1

.44* 

18.26±1

.45* 

15.52±1

.33
À
 

13.24±1

.28* 

12.47±1

.31** 

11.61±1

.24** 

10.52±1.

27**  

Shoot length (cm) 
123.42±

3.48 

125.80±

3.56
À
 

128.63±

3.81
À
 

132.02±

3.73* 

136.48±

3.79* 

118.65±

3.56
À
 

104.73±

3.42* 

98.81±3

.36** 

93.69±3

.29** 

88.11±3.

48**  

Biomass 

production(g) 

44.63±1

.16 

45.38±1

.24
À
 

46.78±1

.34
À
 

48.62±1

.48* 

51.27±1

.53** 

42.38±1

.21
À
 

38.14±1

.26* 

36.79±1

.18** 

35.41±1

.11** 

33.64±1.

16**  

NPP (g/plant/day) 0.595 0.605 0.623 0.648 0.683 0.565 0.508 0.490 0.472 0.448 

 BSW concentration (%) 

Root length (cm) 16.08±1

.36 

16.38±1

.41
À
 

17.03±1

.54
À
 

17.69±1

.39* 

18.52±1

.48** 

18.96±1

.51** 

13.89±1

.33* 

12.96±1

.27** 

12.07±1

.29** 

11.32±1.

26**  

Shoot length (cm) 123.42±

3.48 

126.49±

3.51
À
 

129.52±

3.59
À
 

133.22±

3.77* 

137.29±

3.68* 

140.63±3

.76** 

111.64±

3.29* 

102.88±3

.15** 

96.75±3

.31** 

90.82±3.

28**  

Biomass 

production(g) 

44.63±1

.16 

45.64±1

.19
À
 

47.26±1

.27
À
 

49.36±1

.35* 

51.94±1

.39** 

52.88±1

.42** 

40.19±1

.18* 

37.53±1

.14** 

36.04±1

.08** 

34.77±1.

12**  

NPP (g/plant/day) 0.595 0.608 0.630 0.658 0.692 0.705 0.535 0.500 0.480 0.463 

 LS concentration (%) 

Root length (cm) 16.08±1

.36 

16.20±1

.34
À
 

16.67±1

.48
À
 

17.15±1

.54
À
 

17.89±1

.31* 

18.45±1

.35** 

14.20±1

.46* 

13.28±1

.39** 

12.46±1

.33** 

11.83±1.

28**  

Shoot length (cm) 123.42±

3.48 

125.61±

3.56
À
 

128.19±

3.68
À
 

131.17±

3.85* 

135.81±

3.76* 

137.52±3

.82** 

112.36±

3.37* 

103.43±3

.61** 

97.38±3

.48** 

91.88±3.

39**  

Biomass 

production(g) 

44.63±1

.16 

45.27±1

.27
À
 

46.56±1

.31
À
 

48.09±1

.37* 

50.68±1

.44* 

52.14±1

.50** 

40.78±1

.29* 

38.21±1

.14** 

36.69±1

.22** 

35.49±1.

21**  

NPP (g/plant/day) 0.595 0.603 0.620 0.641 0.675 0.695 0.543 0.509 0.489 0.473 

 

Values are in mean ± standard deviation.  

Significance of difference from control; P* < 0.05; P** < 0.01 and À non-significant 

Considerable increase and decrease in chlorophyll a and chlorophyll b content of leaves were observed 

in different concentrations of RSW, BSW and LS treatments. For example, chlorophyll a and b content 

increased upto 21.48 and 22.47% at 5% concentration of RSW respectively, while at 10% concentration of BSW 

and LS these values were 25.65, 27.75 and 21.61, 23.85% respectively in 25 days old plants. Carotenoids, the 

accessory pigments increased by 19.69, 24.57 and 21.21% at 5% concentration of RSW and 10% concentration 

of BSW and LS respectively against control of 25 days old plants. Whereas, reduction of carotenoid content 
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occurred as 30.97, 24.91 and 23.40% at 55% concentration of RSW, BSW and LS respectively. Similar trends 

of results also obtained from 50 days and 75 days old plants. Oil content of seeds were increased upto 5% 

concentration of RSW, i.e. by 6.38% and upto 10% concentration of BSW and LS, i.e. by 8.27 and 7.85% 

respectively. Above these concentrations of RSW, BSW and LS, oil content decreased regularly and decrease 

was maximum at 55% concentration of RSW, BSW and LS, i.e. by 38.71, 20.67 and 20.38% respectively [ 2,9]. 
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